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PBEFACE. 



The contents of this book are intended to afford the 
owner or his land agent, and others interested in such 
matters, such information as modem agricultural ope- 
rations demand. It is to be noted that some special 
machines are described, such as steam ploughing 
engines, steam fire engines, &c., as the manufacture 
of some particular firm ; when this is the case, and it 
could not be avoided, it is to be understood that such 
matters form the subject of patents, and that their 
selection has been made firom results obtained at 
public trials ; my object being to avoid distinctions in 
firms and their manufactures, except where public 
trials or private experience dictated that such want of 
special classification would negative the result the book 
seeks to attain, which is to improve and render more 
in accord with modem scientific knowledge and the 
practice of engineering, the general operations in the 
economical management of landed property. The 
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vi PREFACE 

experience the writer has gained, both at home and in 
Australia, South Africa, and elsewhere, has convinced 
him that an immense field is open to the English 
agricultural implement maker, if only he can be per- 
suaded that * the best of what they use at home ' is 
what the Colonial agriculturist requires, and the cause 
of great disappointment to farmers emigrating may 
often be found in the fact that they are not acquainted 
with surveying and the use of machinery. But so long 
as the practice of neglecting to move with the times 
prevails at home, the wants of the farmer, and the 
means of satisfying them, are at a standstill. With 
State education we are entitled to look for higher 
intelligence, and the man of the future will be able to 
use a dumpy level for drainage where his predecessor 
failed to discover the necessity of putting in a drain at 
all. The present call on the pockets of owners of 
propei-ty is greatly the result of the bad work of former 
years. The excuse was want of education ; that excuse 
is now worn out, and with modem education and some 
engineering knowledge, the failures of the past should 
not be repeated. The writer's object, therefore, has 
been to endeavour to bring that practice of civil 
engineering that should apply to the management of 
land within the grasp of those who now have daily 
need of it, and also to provide a book of reference for 
agents, farmers, and bailifi^s. One of the most remark- 
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able features of the century in education is the slow 
but complete training up of men to work our great 
railway system ; in the process, an extraordinary 
amount of genius and perseverance has been unearthed ; 
the same process has now to be carried out by means 
of education of a technical kind amongst the classes 
that work our land, and is there any reason to doubt 
that in doing so, the same qualities may be unearthed ? 

Bad work begets bad work, and the eflFect may be 
seen in the want of care of agricultural implements, 
and in the disregard to economy of material and labour. 
The farmer is loth to believe that the railway con- 
tractor will drain a field whilst he is consulting the 
weather, and * getting ready to sough it.' 

There is no diflFerence between agricultural or any 
other sort of drainage or general earthwork. It is a 
simple contractor's question of means and men and the 
least time with the least material. The farmer has 
been accustomed to look on it in the light of day work. 
That is where his capital goes. The landlord uses 
the wrong or obsolete materials ; that is the cause of 
the enormous proportion of estate expenditure to 
income. I am convinced that a great saving can be 
effected by paying more attention to detail in construc- 
tion, and that the want of modem sanitary knowledge 
greatly adds to the number of men who are an unneces- 
sary burden to the parish through premature decay. 
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These things axe remediable, but not so long as the 
modem researches into the laws of health are neglected. 
But it is from the owner of land that this modem 
stimulus must come. Gathering enormous crowds 
together in London to talk upon every subject but the 
one they are supposed to have come to study, will not 
convince the farmer of the evils of impure water and 
undrained land. It is in insisting on work being done 
in a modem way that will save his pocket, and that is 
the most direct appeal to his reason. 

The author, therefore, hopes that, in the publication 
of this book, the Principles of Civil Engineering have 
been brought within the wants and acquirements of 
those who derive their income from land. 

Experiments on ensilage being still going on, only 
what has been accomplished in that direction has been 
touched upon. 

Alan Bagot. 

42 Low^'DKS Street, J^ondox, S.W. 
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ENGIMMING FOE ESTATES. 



PAET I. 

ON SURVEYING, LEVELLING, DRAINAGE, AND 
WATER SUPPLY, 



CHAPTEE I. 

INTBODUCTOBY. 

The increasing application of machinery, and the 
necessity for economy in om: agricultural operations 
brought about by the opening up of large tracts of 
land in America and Australia, have made a certain 
amount of engineering knowledge a matter of necessity, 
not only to the farmer, but also to the owner of pro- 
perty and his agent or clerk of the works. It is in 
the effective carrying out of the repairs on an estate 
that the greatest and truest economies can be effected. 
Perhaps few things have tended more to cripple the 
farmer, and consequently his landlord, in recent years 
than the failure of the deep system of drainage of 
twenty-five years ago, just at a period of exceptional 
and continued wet seasons. Again, how many farm- 
houses are built with no regard to the cost of their 



Digitized by 



Google 



2 ENGINEERING FOB ESTATES 

maintenance, and how often do we see wood used 
where iron might be substituted once and for all. A 
visit to any large establishment in the colonies will 
impress the reader with the strict regard to economy 
in cost that is paid by the farmer to all matters 
requiring labour. The days of draining by eye and 
what is known as the practice of rule of thumb are 
gone by, and with the excellent survey of the Ordnance 
Department on the -^ inch scale, there can be no more 
excuse for buried drains, whose exact locality dies out 
with the man that made them, or for work executed on 
an estate and not shown on the survey sheet. But to 
do this requires some knowledge of the use of engi- 
neering and surveying instruments, and some acquaint- 
ance with the practice of civil engineering itself. In 
the following chapters we propose to give such 
general engineering details, a knowledge of which is 
desirable, before executing the particular work referred 
to ; and also such mathematical formulae as are recog- 
nised as governing the question theoretically, with the 
intention that in that which the reader cannot calculate 
out, he may lay his case, and the formula given, before 
some person acquainted with that branch of mathe- 
matics ; whilst the ordinary reader may make himself 
familiar with the general features of the case. In 
many cases, the approximate cost is given of executing 
certain works, but only as a guide. The price of labour, 
material, and the quality of the labour vary so greatly 
in different countries, that no law of prime cost could 
be laid down. As a general rule, it may be said that 
the labour got north of the river Trent is superior 
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to that in the south, treated as labour only. In the 
south less work is done in a day, but it is done 
thoroughly. In all mechanical work, the north-country- 
man is superior ; a northern driver and breaksman on a 
goods train are soon recognised by railway men ; but, 
for purely agricultural labour, the men from the south 
are as good. So that where machinery is used, a 
Lancashire or Durham man is the proper man to be in 
charge of it ; the engine to him is what the horses and 
stock are to the man from the south. Where a thrash- 
ing engine is used the result of the plan will be that 
many a leaky tube will be saved, and waste of coal and 
oil avoided, and where reaping and binding machines 
are kept, when done with, they will be housed clean 
and fit for use, and the inevitable blacksmith's bill 
saved when the machine is next wanted for use. So 
also is it to be observed in the use of mortar and 
cement, in building operations, and more espeqially in 
the coping of walls and out-buildings. Bad or poor 
lime and improper mixing are the cause of constant 
pointing being necessary, and insuifficient coping — i.e. 
the coping stones or bricks, as the case may be, not 
projecting far enough to protect the wall from drip 
in wet weather, is the certain means of destroying the 
wall ultimately. There is no more short>-8ighted 
economy than that of not spouting farm buildings and 
cottages. In the former case, the brickwork soon 
perishes, and is disintegrated by the action of wet and 
frost, and consequently has to be renewed ; and in the 
latter case, the foundations of the cottages absorb the 
damp and moisture that should be carried away, making 

b2 
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4 ENGINEERING FOR ESTATES 

the cottages unhealthy, and the tenants not only dis- 
contented, but liable to rheumatism and premature 
old age. 

The construction of minor bridges and culverts will 
be a matter for grave consideration, and both when new 
and on their being reconstructed due regard must be 
had for the weight they will have to carry. Traction 
engines, constructed as they are to be handy in turning, 
are so short for their weight that care must be taken 
that the engine either does not stand entirely between 
the supports to the bridge, or that the supports are 
strong enough to bear the entire weight {i.e. three times 
the entire weight of the engine), it being desirable that 
no structure should be loaded to a greater extent than 
one-third its breaking or crushing load. Trivial as 
these precautions may seem, the Employers' Liability 
Act and the Boiler Explosions Act, and the increased 
liability that thereby falls on the employer, render it 
necessary for him to accept the position as one of 
greatly increased pecuniary responsibility, and by the 
excellence of his works and precautions to protect him- 
self from consequences that are unfortunately insepar- 
able at times from the use of steam and machinery 
generally. To that end we have given the substance 
of certain Acts of Parliament that regulate such 
questions, so that the employer may secure himself 
from liability. In the question of the dredging and 
embanking of streams, only such operations as one 
owner can with prudence undertake at his own cost are 
dealt with. To make an effectual alteration or im- 
provement in the carrying power or direction of a river 
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is a work of some considerable magnitude, and should 
only be attempted as such by a Board or Commission, 
as in the case of the River Tees Improvements Com- 
mission. Much benefit may be derived in judicious 
banking and straightening, and in the removal of 
shoals, without incurring great expense. But in this, 
as in some other matters, very considerable harm may 
be done by the want of the technical knowledge neces- 
sary. Larger shoals may be formed by too high a 
velocity being given to the stream, by the injudicious 
removal of a bank of gravel or some such obstruction. 
The velocity of the stream must be so regulated as to 
be in accordance with the stability of the bed of the 
stream. The growth of weed in some places is to be 
encouraged to eflfect this under certain circumstances. 
The protection of mainland drainage outfalls into the 
stream is also a matter of great importance, and the 
choice of their site, and the extent and nature of their 
protecting works, is more an engineering than a purely 
agricultural question. Allied to this branch of the sub- 
ject is the important one of water supply and analysis. 
Hardly one farmhouse is entirely satisfactory on this 
point ; farmers still believe that anything that is water 
at all will suflGlce for stock, whereas such is distinctly not 
the case. Pure air and pure water are as essential to 
stock as to human beings. The widespread existence 
of hydatid cysts in the human being, as well as in the 
sheep, in Australia, is greatly to be traced to the neces- 
sity of tank-water being used on the^tock routes, 
owing to the absence of water holes or streams. Where 
impurities exist is the seat of the germs of microscopical 
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animal life; in some cases their very existence is 
dependent on a supply of septic or putrefactive matter. 
With the increased knowledge that M. Pasteur and 
Professor Koch have given us of the bacillse and bacteria, 
of anthrax and other diseases incident to animal life, 
greater care should be exercised in the supply of 
drinking water to stock. The necessity for completely 
isolating the subterranean spring water of a well from 
the surface drainage water is not realised yet in many 
parts of England, and it may be observed that not in- 
frequently the one class of supply is mistaken for the 
other, until typhoid fever or diphtheria decides the 
point. In towns, water supply is one of the first 
questions of the day, and it is a noteworthy feature 
that one of the eflfects of civilisation is to make water 
a saleable commodity; all the more then should 
those that possess, gratis, the means of obtaining or 
distributing pure water to others avail themselves of 
the well-known laws of sanitary engineering to obtain 
and supply it pure. Here we see the great injustice of 
towns or factories polluting rivers. It is a defence (and 
more a political one than a true one) that certain 
industries are dependent on pollution of rivers, such as 
paper works, dye works, &c. It is maintained that were 
too strict a law passed prohibiting the pollution of 
rivers, the industry and its labour would be extin- 
guished. The other side of the question is, no industry 
has ever been destroyed except by competition or want 
of demand. Pure water is part of the rights of property y 
and whilst industries and labour can go elsewhere, can 
modify their processes, and can utiUse their refuses, the 
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supply of pure river water is regulated by the laws of 
nature. A long experience as consulting engineer to 
the Trent Board of Conservators has inclined me to the 
view that absolute prohibition of all pollution of rivers 
would be found the shortest way of dealing with the 
question. The present Act is entirely useless, as 
instanced by the case of Lord Norton v. the Birming- 
ham Corporation (Pollution of the River Tame). 

It is not clearly proved that any pollution is neces- 
sary. The exteTvt of the works necessary to remove the 
pollution from the river is always urged in defence, if 
possible ; but in reality it is a most eloquent argument 
that the pollution should cease, for had the injunction 
to cease been obtained long previously, the necessity 
for works of such extent and cost would never have 
arisen. This is the reason why every owner who suffers 
from a pollution should stop it at the outset once and 
for all, and not wait until it has assumed such propor- 
tions that the plea of extent and cost referred to can 
be raised as a defence. The practical result of the 
present Rivers Pollution Act is to partially sanction 
pollution, thereby removing all stimulus to scientific 
men to find means to deodorise and render useful and 
innocuous the sewage and waste products of factories in 
large towns. Apathy on the part of the landowner of 
the last ge aeration has bequeathed the necessity and 
expense of sinking for pure water on his successor, and 
the writer can instance cases of wells being sunk to 
supply stock in fields adjoinvng the river itself, so 
greatly was the natural river supply polluted. In- 
judicious interference with the flooding of rivers with- 
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out first dealing with pollution will complete the list 
of fatal mistakes regarding the management of rivers 
in this country. The uses of lime, cement, and 
hydraulic cement in construction, are another im- 
portant point where an experienced clerk of the works 
is not available. The actual planning and designing 
of buildings could not be dealt with here. It is essen- 
tially the work of an architect, and no general rule 
could be laid down. Every case of new buildings 
being required, or repair or alteration of existing ones, 
is, or rather ought to be, governed by the particular 
local circumstances, and to attempt to lay down rules 
for the guidance of those responsible for their erection, 
excepting, of course, such universally recognised rules 
as govern the stability of all structures and rigid bodies, 
would only mislead instead of guiding. Most leading 
firms of ironfounders have adopted patterns which 
give standard sizes for certain spans of iron roofs which 
are calculated to leave a wide margin of safety ; but 
there are times when it is desirable to increase this 
margin, as in the case of an iron bam erected in a 
situation liable to sudden or cyclonic gusts of wind or 
heavy drifts of snow. As a general rule it may be 
said that the erection of farm buildings of any kind in 
an exposed situation is if possible to be avoided, even 
if some additional expense within reason is thereby 
incurred. In exposed situations, shelter is most often 
required, but it need not follow that the structure itself 
should be exposed. The same observations apply to 
agricultural machinery generally that apply to specific 
structures. The care of all classes of machinery is a 
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question of employing^ caxeful men. The selection of 
it is a more difficult matter. But the trials of the 
Koyal Agricultural Society, and the opinion of agricul- 
turists generally, are very reliable guides. In the 
purchase of a steam engine the opinion of an experi- 
enced engineer should be taken. The uses of a port- 
able railway on estates are not recognised sufficiently 
in England, and some recent improvements have 
greatly reduced the first cost of the plant, and brought 
its repairs within the attainments of the local black- 
smith. Where continual carting is necessary over clay 
land, work may be done by its means that could not 
be attempted with horses in winter, and employment 
thus found when, all agricultural operations being at a 
standstill, distress is prevalent, at a time when priva- 
tion is most keenly felt. A question of frequent 
occurrence on an estate is the development of power 
by means of a fall of water. On this head several 
tables are given by which an approximate idea may be 
gained as to what power can be obtained from a given 
fall of water, or head, as it is technically called. The 
operation of retaining earth, cutting, filling, and other 
such works that may occur, either in forming reservoirs 
or making roads, are also tabulated in days of a Tnan^s 
work. Earthwork is always treated by both engineers 
and contractors in this way. From the labour required 
the cost is found, and it is to be noted that a very 
considerable saving is effected by properly proportion- 
ing the men engaged in • getting ' an excavation to the 
* fillers ' and * wheelers,' or men engaged in filling and 
wheeling away the earth thrown out by the excavators. 
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Such general tables axe given also as maybe found 
necessary in the application of the engineering rules. 
Each subject is considered under its own head, on an 
elementary scale, with subsequent rules for its more 
advanced application. 
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CHAPTEE II. 

LEVELLING, AND THE USE OF THE DUMPY LEVEL. 

On the Dumpy Level and Clinometer, and the General Operations 
of obtaining Sections and Levels. 

The difference of level between two points, or the 
actual undulation at all points along the line between 
the two points, is found by the use of the dumpy level. 
This instrument is practically a telescope so con- 
structed that the spirit level attached to it and an 
imaginary line passing through the centre of the 
telescppe and in the direction of its length — i.e. from 
eye-piece to object-glass — are in the same plane and 
parallel with each other. So that if the spirit level be 
laid true, the line of sight of the observer will also be 
true and level, when looking through the telescope. 
To lay the spirit level true, four milled headed screws 
are provided. To use these screws eflfectually, plant 
the instrument attached to the legs firmly on the 
ground. Turn the telescope gently round until the 
tube lies exactly over two of the adjustment screws re- 
ferred to. One screw will be in front of the axis of the 
telescope, the other will be behind it, in the direction 
in which the observer is looking. Now turn the screw 
heads very gently either way until the air bubble in 
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the spirit level comes to the centre of the tube and 
remains there. Slowly turn the telescope round until 
it points in a direction at right angles to the line to be 
observed. It will be seen that the tube now lies over 
the other two screws. Proceed as before with this pair 
of screws and reverse the telescope again to the former 
position, when the level has been obtained. The tele- 
scope will be found in all probability to be slightly 
out of level again. Eepeat the whole process till 
the bubble remains stationary whilst the telescope is 
made to revolve the whole circle, returning to the 
original position. It is then in adjustment to use. 
These points are to be guarded against in the process. 
The approximate level of the instrument must not be 
got by the means of the plate screws referred to, for 
fear of straining them ; the legs must be shifted so as 
to put the instrument level as near as the eye can tell; 
then the fine corrections by the process described may 
be made. The observer must also be careful that the 
weight of his body in soft ground does not disturb the 
level of the instrument without his knowledge. 

Having thus placed the instrument level, we have, 
where extreme accuracy is required, to consider the 
curvature of the earth. The level gives the observer a 
line of sight in a horizontal plane, and it will be at 
once seen that if the object or staflf observed is any 
distance from the observer, it is lower than the line of 
sight. This curvature is 7'962 inches per mile, or 
•6635 foot. The line of sight is a tangent to this 
curve. It is only '01 of a foot in a horizontal distance 
of 220 yards. The necessity for making the correction 
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is obviated by making the horizontal distance between 
the back and fore stations as nearly equal as possible 
when levelling. We now come to the practice of deter- 
mining the diflference of level between two stations, a 
and B, Fig. 1. 

Set up the dumpy level at any point as nearly 
equi-distant from a and B, say at c. Place the dumpy 
level in adjustment for true level as previously in- 
structed. Bead the staff at a in feet, tenths, and 
hundredths of feet. Note it down as the backsight 
read/i/ng c A. Turn the telescope towards B. Instruct 




the staff man at A to chain the distance a b on his way 
to B. Note the horizontal distance AC as he passes 
you. Bead off the staff held up at B. Note it down 
as the foresight readvng c B. The difference between 
the two readings at A and B is the difference of level. 
If the greatest reading is at B, then B is lower than A, 
and vice versa. The dotted line in the figure repre- 
sents the line of sight. In inclines, such as occur on 
roads and railways or in the preparation of sections, this 
difference of levels is usually given as 1 in so much. 
For instance, if the horizontal distance A B is 1,000 feet, 
the difference of level 5 feet, the incline is 1,000 
divided by 5, or 1 in 200, that is, one foot of fall for 
every two hundred feet of horizontal distance. In 
levelling to get the difference of level between any two 
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points, the length of sight taken — i,e, the distances c A, 
c B — should never be made greater than 400 yards. 

Before proceeding to describe the process of levelling 
to get a section of the ground, or a plan showing all its un- 
dulations, the chain and staflfrequire some consideration. 

The chain, known as Grunter's Chain, when spoken 
of without further qualification, is 66 feet long from 
outside to outside of handles. Each link is '66 of a 
foot, or 7*92 inches. Grunter's chain is ^ of a mile 
in length or '0125, the square described on it being 
therefore ^i^^ of an acre, statute measurement. Ten 
* arrows' accompany the chain. The proper way of 
using the chain is to engage two men, respectively 
called the ' leader ' and * follower.' The leader leads off 
from A, leaving the follower at a (Fig. 1); on the 
chain becoming tight he should turn and face the 
follower, who must direct him to the right or left, as 
the case may be, to ensure the direction of the line 
chained being straight ; on the follower being satisfied 
this is the case, the leader stoops and puts down one 
arrow at the exact point where the outside of the 
handle of the chain comes to ; having done this, he 
should call 'One' to the follower, and the two men 
should pr6ceed in the direction of station B, the leader 
dragging the chain and arrows, the follower having the 
field- or note-book, in which he enters the number of 
chains as called by the leader. When the follower 
arrives at the arrow planted by his leader he puts the 
handle of his end of the chain down outside it and 
touching it, and directs the leader as before, who calls 
Two ' when planting his second arrow. The follower 
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enters the mimber two in his book, and picks up number 
cm6 arrow. At the end of ten chains proceeding thus, 
the leader should have no arrows, the follower ten, 
and ten chains should have been recorded in the book. 
Thus mistakes are avoided and time and labour saved. 

The staflf, as generally used, is thus made and 
read:— 

The levelling staflf is made in three telescopic 
lengths; from fourteen to seventeen feet in length, 
when all three lengths are extended, is found sufficient 
for ordinary use. Each foot is divided into tenths of 
feet, shown by the black figures on the staflf, and these 
tenths are again subdivided into hundredths of a foot ; 
the feet are shown in red Eoman characters, so that 
five feet and twenty-five hundredths of a foot would 
read thus, v25. It will be observed that the staflf 
and landscape appear upside down in looking through 
the level. This, with a little practice, is soon hardly 
noticed by the observer, but at first some little care is 
necessary to avoid making a mistake in the number of 
feet read oflf ; it being to be borne in mind that the 
feet are to be reckoned from the base of the staflf up- 
wards, or, as it appears in the telescope to the observer, 
from the base downwards in the field of the telescope. 
In holding up the staflf the staflf-man must be careful 
to hold it steady and upright. The other appliances 
that may be used are the tape measure, and the 100 
foot chain. The former is generally very inaccurate 
when wet, and the Gunter's chain is preferable in 
every way to it ; the 100 foot chain is only useful for 
measuring earthworks and masonry. 
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We now come to the estimation of the nndnlation of 
the surface of the ground. The process is virtually the 
same as that explained by Fig. 1, but more extended. 
When the distance between two points is so great that 
the fore station cannot be seen, it becomes necessary 
to take a continuance of levels until the fore station is 
reached. To effect this, the same methods are to be 
observed as regards the preliminary adjustments of 
the instrument and the reading of back and foresights. 
Fig. 2 gives an outline of the actual sights to be taken. 



Here the station b is not visible from A. Place the 
level at C ; take the backsight c a ; let the staflf-man 
proceed to D ; turn the telescope round and take the 
foresight c D ; proceed with the level to E, leaving the 
staflf-man at d ; take the backsight E d ; let the staflf- 
man proceed to G, which is a convenient site at the 
station b ; read the foresight E G. Then the backsight 
c F and the foresight E G are respectively the sights at 
A and B. Taking imaginary figures as an example for 
the field book, then suppose 

Backsights Foresights 

CF reads as. . V-26 CD« X-20 

E D „ . . ni06 EG- IXOl 

Total . Vni-30 Fore « XIX-31 

Then the diflference of the totals of back and foresights 

equals xi'Ol, therefore eleven feet and one hundredth 
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of a foot is the diflference of level between A and b, 
and because the total of foresights is greater than the 
total of backsights, the station B is lower than A. If 
the total of backsights in the direction of A was the 
largest, then A station would be the lowest of the two 
stations. In practice it is well to select some perma- 
nent object, such as a wall, for the marks at A and B. 

"Where it is required to ascertain the height of any 
particular spot above sea levd^ the following is the 
means to be employed : — 

Wherever the nearest and most convenient Ordnance 
Survey bench mark or broad arrow exists, erect the staflf 
for a backsight ; proceed as shown in Fig. 2 until the 
foresight reading at the spot itself is obtained. Ascer- 
tain the diflTerence of level between the Ordnance mark 
and the spot, and add or subtract it to the correspond- 
ing reading in feet given on the Ordnance Survey sheet 
against the broad arrow shown on the sheet. This 
result is the height of the spot above Trinity high- 
water mark. If the spot is below the bench mark in 
level, the difference of level must be subtracted ; if 
above, it should be added to the Ordnance reading. 
This is the process to be observed in adjusting baro- 
meters for height above sea level. The term bench 
mark is to be understood to mean the site of a princi- 
pal observation ; in Fig. 2, B represents a bench mark. 
These marks are defined by a broad arrow in Govern- 
ment surveys, usually cilt on gate posts, bridges, or 
walls of buildings. Their object is to simplify any 
subsequent re-survey that might be found necessary, if 
an error occurred, and it is very advisable to inform 
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the Director-General of Ordnance Survey, Southampton, 
if it should be found necessary to remove or demolish 
anything on an estate on which a bench mark is cut« 
This is very frequently neglected. 

The level field book is best ruled in columns, 
thus : — 



Rise 


Backsight 


Foresight 


FaU 


Bedaoed Level 


Dirtauoe 


Notes 

















The first entry will be the reduced level of the 
bench mark obtained by the first backsight at A (viz. 
C A, see Fig. 2) ; the other entries will be the backsights 
and foresights as taken. The reduced levels are 
reckoned by adding or subtracting the rises and falls 
from the level of the first bench mark at a. 

As a check, the total rise and total fall should equal 
the difference between the sum of the backsights and 
the sum of the foresights. 

Plotti/ng the section and datum line. — ^The datum 
line is a line drawn on the plan of the section with the 

Fig. 3 



^^^. 



horizontal distances marked. This line represents the 
route. It also is intended to be in vertical section the 
level above or below which the undulations of the 
ground vary. In plotting the section two scales are 
used — one, the horizontal scale of the datum line ; the 
other the vertical scale. 

Thus, in Fig. 3, a b is the horizontal datum line,. 
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B c the dotted line, representing the section obtained 
along A B by levelling. 

Fine Adjustments. 

There is one adjustment that may be required. 
It sometimes happens that by some accident the spirit 
level and telescope are not parallel to each other, so 
that when one is level the other is not. To correct 
this, bring the bubble of the spirit level to the centre by 
means of the plate screws. Lift the telescope out of 
its supports, called y's. Replace it with the ends 
reversed. If the bubble does not remain in the centre 
and is disturbed, correct one half of the error by the 
platescrews, the remaining half by the small screws 
connecting the spirit level and telescope. If the bubble 
remains true in the centre, the instrument is in true 
adjustment, and the correction need not be made. 

Levelling with the Barometer. — For rough or pre- 
liminary work the rise or fall of the barometer due to 
difference of level may be used to calculate the level. 
For draining or hydraulic work the dumpy level must 
be used. 

The table on next page, assimiing the barometer to 
stand at 30*00 inches at sea level, gives what is required, 
at 64** Fahrenheit. 

Thus, if the barometer reads 30*00 at sea level and 
27"4 in land, the place is 2,368 feet above the sea. 

LeveUmg with the Glvaometer for Trial Levels 
(Fig. 3). — ^With a view to simplifying the operation of 
taking preliminary levels, the writer brought out the 
above instrument. The instrument is first opened, the 

c2 
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lower limb being laid level by its spirit level in the 
universal holder provided on the staff, and then secured 
by the clamp in that position. The upper limb, on 
which the telescope is mounted, is then gradually 
raised or lowered until the cross hairs in the telescope 
cut the staff or surfece of the ground, as the case may 

Fio. 4. 




be. The brass scale is then read thus. The arrow A 
reads off the angle of inclination ; the arrow b the rise 
in inches per yard ; thus, if the instrument be opened 
till the arrow A reads 45°, the angle of inclination, the 
arrow B will show an incline of thirty-six inches per 
yard, or one in one. There are several other uses to 
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which this instrument is applicable in trigonometrical 
surveying and measuring altitudes. 

The important points in all levelling operations are 
accuracy and precision. There are many means of check- 
ing the results obtained ; amongst them the one that 
commends itself is the carrying on a projection of he 
line levelled to an Ordnance bench mark at each end. 
A reduction and comparison of levels will check the 
whole line of levels taken. Levelling may be eflfected 
by means of the theodolite, but it is not usual except 
under very peculiar circumstances. The tangent of 
the angle subtended by the top of the ground and the 
clinometer, multiplied by the length of the base line 
in feet, is the height in feet of the object above the 
instrument. If a tangent table be not at hand, the 
tangent of 45** is one, so that if the clinometer be re- 
moved till 45 ** is subtended, the base line is equal to 
the perpendicular or height required to be found. 

In levelling along a canal it is to be borne in mind 
that the correction for curvature is to be most carefully 
made. 

These are all the most important points in the 
general practice and theory of the level. In railway 
operations, levelling is a specific practice ; being more 
used with a view to calculating the cubic contents of 
earthworks to be removed, or embankments formed. 

Where the practice of levelling is required to be 
extended to such matters, an engineer's opinion and 
observations are desirable, the foregoing chapter being 
only intended to give such information as can be used 
by the land agent or clerk of the works. 
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CHAPTEE III. 

THE THEODOLITE AND PRISMATIC COMPASS; AND THE 
MEASUREMENT OF VERTICAL AND HORIZONTAL ANGLES. 

On the Theodolite, Prismatic Compass, and Clinometer, and the 
Operation of Trigonometrical Surveying and Determination of 
the Superficial Areas of Triangles and the Measurement of 
Vertical Heights. 

For this purpose — i.e. the taking of angles, whether 
verticjal or horizontal — the theodolite is usualiy em- 
ployed. The angles are called ' azimuths ' when in a 
horizontal plane; if in the vertical plane they are 
called ^ altitudes ' or ^ depressions.' The transit theo- 
dolite is in all respects the most useful of these instru- 
ments. The instrument is set up in the usual way as 
regards level; the revolution of the upper dial-plate 
on the lower measures the angle taken as follows. 
The upper dial-plate .and the telescope are in one 
piece ; the lower dial-plate is fixed to the base of the 
instrument. If the clamping screw that fixes the two 
dial-plates in a rigid position is loosened, the upper 
plate, or dial, and telescope will revolve on the lower 
plate, which will remain fixed. The circle being 
divided into 360 degrees, it is clear that the arc 
through which the telescope revolves will be shown by 
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the difference of the readings on the two dial-plates 
and their scales. Thus, if both dials read 0° at start- 
ing, the compass being true north — i.e. the telescope 
pointing north and south at 0** on the dial scales — then 
if an object be observed at due east, the upper plate, 
when turning the telescope to observe the object, will 
have travelled through an arc or part of a circle 
amounting to 90^ That object is then said to be 90** 
east of north. The telescope may then be brought to 
bear on another object, bearing, say 182**, or to the 
west of south, to another say 275% or to the north of 
east. Suppose those three points to be the three 
points whose relative positions to the compass we re- 
quire ; then we have to draw pencil lines at angles of 
90**, 182% and 275** on the Ordnance sheet to give the 
relative direction of the objects. The exact point is 
got by chain from the observation station, the length 
of the horizontal line observed. It is not necessary 
that the theodolite shall be true north and south. 
The angles may be taken as from 0** — that is, the hori- 
zontal angle subtended between the instrument itself 
and the object — not between the object and the 
meridian. 

The use of the instrument to its full capabilities 
can only be acquired by extensive practice under a 
surveyor. Areas can be got from the 25-inch Ordnance 
survey, or books of areas. The principal use of the 
theodolite is in setting out the main lines of new 
buildings, or in measuring vertical heights. 

The trigonometrical properties of a triangle are as 
follows : — 
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Sine = - 

H 




Secant =- 

B 


Cosine = ?■ 

H 




Cosecant = - 
P 


Tangent = - 

B 




Cotangent = — 


Versed sine 


_ H — B 
H 


Coversed 


sine 


_ H — P 




when B is the base, P the perpendicular, and H the 
hypothenuse. 

The areas of triangles require ^ 

a knowledge of trigonometry, 
and are more accurately obtained 
by laying the triangle down on ^ 
paper and proceeding thus : — 

A bxcx sine of ande a 

Area = 2 

2 

_ ab sine c 

" 2 

ca sine b 



2 
If s = i sum of the sides of the triangle, then 
Area == ^/ s (s — a) (s - 6) (s - c). 

The Right-angled Tbianglb. 

The hypothenuse = V"base* + perpendicular* 

The base = V"hypothenuse'— perpendicular * 

The perpendicular « V"Eypothenuse*— base* 
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Pbopebties of the Cibcle. 
Diameter x 3*14159 - circumference 

„ X -886226 » side of an equal square 
„ X '7071 a „ inscribed square 
Diameter • x '7854 «- area of the circle 

Badius x 6*28318 » circumference of the circle 
Circumference x '31831 « diameter of the circle 

These details may be found convenient to refer to 
in taking horizontal angles and measurements with the 
theodolite. 

The question of taking vertical cmgles of slopes and 
heights next presents itself. To this end proceed as 
follows: — ^Erect the theodolite level; clamp the two 
horizontal dial plates fast ; bring the telescope and its 
spirit level parallel to the level of the plates — i.e all 
spirit levels are to stand level. The theodolite should 
read 0** in this position on the vertical scale. Now 
observe the top of the object with the telescope. The 
angle read oflf on the vertical arc scale is the angle sub- 
tended — i.e. the angle formed by a line drawn from the 
top of the slope or height meeting the horizontal level 
line produced by the line of sight when the telescope is 
level. The tangent of this angle multiplied into the 
base in feet gives the height in feet of the perpen- 
dicular; the angle itself is the angle of the slope, or 
hypothenuse. 

The prismatic compass is practically a theodolite 
laid in the magnetic meridian. The angles subtended 
are the angles formed with the raeridian. It is princi- 
pally of use for military surveys, or in its modified form, 
the miner's dial, for underground mineral surveys. 

The clinometer is also adapted for angular measure- 
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Inents for preliminary surveys and road construction. 
The following tables are given for reference in the pre- 
paration of sections of levels and horizontal surveys. 
In building or architects' plans the scales are more 
liberal. When the plans to be drawn are intended to 
show the courses of house-drains or hydrants, or water- 
supply, the scale of one inch =10 feet is the most 
desirable for estate work.^ The main angular bearings 
should be taken by the theodolite from some central 
spot that commands them and the details chained in. 
An example of this is shown at the end. Every house 
let to a tenant should, hav^ the reference plan of drains 
supplied ; and it may not be out of place to remark 
here that a landlord maybe made liable in a civil court 
for damages and compensation if he lets his house to 
a tenant in an insanitary state as regards water supply 
and draiiwige ; and I am afraid that recent decisions 
on that point will cause considerable grounds for com- 
plaint amongst tenant farmers and cottagers if land- 
lords do not pay increased attention to the question. 

Some special features are more fully treated in the 
chapter devoted to Sewerage and House Drainage, to 
which the reader is referred. 

The care of the theodolite when not in use i^ of great 
importance. It should be handled carefally aud well 
dried after use, and kept in a dry place. The delicacy 
of the instrument is such that any fine adjustments are 
best made by the maker. A six-inch transit instrument 
is the one best suited for the work. In using a pris- 

* This work is thoroughly executed by the Ladies* Tracing Office, 
8 Great Queen Street, Westminster. 
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matic compass, if the observer wears spectacles in a 
steel framey let him beware of deviations arising there- 
from in the compass readings. 

For more applications of the instruments above de- 
scribed the reader is referred to the ' Manual of Gvil 
Engineering ' (Bankine) and the ^ Treatise on Military 
Surveys ' (Col. Basil Jackson). 

The cost, exclusive of expenses paid out, of a survey 
are: — 

SUBVETOBS' OHABQES. 

Surveys of estates to show gross contents and bonndary only :^ 

£ *. d. 

For the first 100 acres . • . . . 7 10 

For each extra acre 9 

Contents of farms, for first 100 acres . . 10 

„ „ „ each extra acre . .010 

To show fields and boildings, first 100 acres .15 

Each additional acre 16 

Minimum rate charged by a surveyor per day 3 3 

Yebtical Scales fob Sections. 



Vertical Scale 


Fraction of Beal 
Height 


Suitable 

to a Horieontal 

Boaleof 


Use 


100 feet clinch 

40 

30 
20 


TSUo 


16115 *<>i-oJ6?y 


Smallest scale 
for sections 
of works al- 
lowed by 
Parliament 

Do. for cross- 
sections, show- 
ing alteration 
of roads 

[Scales suitable 
for working 

( sections 
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Tablb of Scales. 



Scale 


Prwjtion of Beal 


Suitable for Use for 


1 inch to 1 mile . 


VSSSS 


Smallest Ordnance 

Survey 
/ Smallest scale for pro- 


4 >» « 


,1 


posed works (de- 


lft646 


posited Parliamen- 






tary plans) 






.6-inch Ordnance Sur- 






vey. Suitable for 


^ it 99 


TSSS5 


general preliminary 
work of a large 
amount 


6336 „ „ 


19^^ 


Decimal scale, same 
as above 

'Latest Ordnance Sur- 
vey (25-inch) to be 
used for all estate 
work, such as drain- 


26-344 „ „ 


1 


age, &c. The square 


"SSOS 


■ of 1-0018 inch = 






1 acre. The area 






of each published 






sheet of this survey 
. is 960 acres 
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CHAPTER IV. 

RAINFALL. 
On Rainfall, and its Liflaence on Land Drainage. 

This is a point generally entirely neglected by the 
farmer. Without proper observations on the average 
rainfall, land drainage becomes a mere process of guess 
work. The source of all water supply is rain. The 
more mountainous the country, the greater the rain- 
Mi, and the more uncertain in character. The steady 
character of the rainMl in the Fen district round 
Boston, in Lincolnshire, is due to the level state of the 
country, there being nothing to induce condensation. 
In England, the prevailing winds being from the west, 
the western portion of the country has the greatest rain- 
fall, but it is to be observed that more rain falls on the 
eastern side than on the western side of a range of hills. 

The total recorded rainfall is not the available 
rainfall. The latter will be less than the former. 

The records required from the rain gauge are : — 

1. The least annnal rainfall, 
ii. „ mean „ „ 

iii. „ greatest „ „ 

iv. How distributed at various seasons, and especially the 

greatest drought. 
y. The greatest flood rainfall, or continued fall of rain. 
For water mpply^ i. and iv. are the particulars wanted. 
„ drainage, iii. „ v. „ „ „ 
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The rain gauge suited to the work consists of a 
copper cylindrical vessel 10 inches in diameter, and 
about 15 inches high. This is fitted with a funnel- 
shaped mouth, ending in a pipe 8 inches long. A 
measuring glass receives the rain passing down the 
pipe. To test the accuracy of the measuring glass, 
pour into the gauge a known weight of water and note 
the height it stands in the glass; to perform the 
correction — 

One cubic inch of water ■■252*6 grains of water at 62^ F. 
„ foot „ a 62-355 lbs. „ „ 

The glass measure being divided into cubic inches, 
the reading divided by the area of the funnel in square 
inches will yield the depth of rain in inches. 

The gauge should be fireely exposed, and sunk in 
the earth to prevent evaporation and its being acciden- 
tally knocked over. It should be read every morning. 
One should be kept on every estate. Without such 
record, no engineer can advise either as to water 
supply or drainage. The neglect to keep such a re- 
cord frequently is the cause of useless and expensive 
drainage works being executed, when half the outlay 
perhaps might suffice were it available for the engineer's 
inspection. 

The rainfall in England per annum varies from 22 
to 150 inches; the least recorded annual depth being 
10 inches. 

The dampness of the air — that is to say, the amount 
of water it holds in suspension — is obtained by the 
hygrometer, a wet and dry bulb thermometer. The 
reductions of rainfall are^ 
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Inches of rainfall x 2,323^00* cubic feet per aq. mile. 

n f, X 14| — millions of gallons per sq. mil^. 

„ n X 3,630 scnbic feet per acre. 

1 cabic inch of water-* '03612 lbs. 
1 gallon of water « 10 lbs. 

» „ ■■'16 cabic foot. 

Iton „ «35-9 „ 

M n «3 224 gallons. 

From the experiments made by Schroeder on the 
power of various classes of soils to absorb moisture from 
the air, the following results were found : — 

TonspexAcT* ^gj^liWl' 

Light clay. . . 26 '256' 

Medium clay . . 30 -296 . . , 

Stiff „ . . 36 .356 •"^"^^^- 

Vegetable mould . 46 '444, 

The area over which rain&ll is distributed is called 
the * Caickment BaemJ This basin is determined by 
the natural configuration and slopes of the ground. It 
is defined by the fact that all rainfall within it is 
collected and delivered in the same direction. It is 
in fact a drainage area. A large catchment basin is 
usually subdivided naturally into a number of smaller 
ones, regulated by the existence of water ridges, each 
emptying by its own stream into the main stream. 
An important exception to this rule, that the boundary 
of a catchment basin or drainage area is a ridge line, 
is when a porous stratum exists, allowing the rain water 
to disappear. Therefore, in levelling to find the ridge 
line, a geological map should be consulted always. 

Available RainfaU. — ^This is that proportion of 
the total rainfall that remains for the purposes of 
water supply, or to be drained away when the amount 
of rain absorbed by the soil added to the quantity 
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necessary for the life of the plants growing, and the 
quantity lost by evaporation is deducted from the 
total, observed by the rain gauge. If the total rain- 
fall from the roof of a house be taken as 1, then 
the amount of available rainfall for different soils 
would be represented proportionally thus : — 

Moorland and hiUs pasture from • *8 to '6 
Flat cultivated country from • • -6 to -4 
Chalk • 

Deep springs and wells yield from '3 to '5 of the 
total rainfall as available rainfall. In some exceptional 
cases the yield is even greater than "5. 

The following table illustrateis the general applica- 
tion of rainfall to the supply of water per head of the 
population on a scale showing the size of catchment 
basins for town supplies. 

Wateb Supply and Dbainage Abeas. 



nischarge required 


Komber of Fopolation 


Oathering 
(Ground 


Reservoir 


OuWc Feet 
per Minute 


MUUons 

of aallonfl 

per Day 


Number at 
30 aaUons 
per Head 


Number at 
60 aaUons 
per Head 


With stream 

delivering 8 

0. Feet per 

Sq.Mile 


To hold 

Water for 

Four Konths 

at 53 C. Feet 

per Minute 


27-8 
66-7 
83-6 
114-4 
139-2 
1671 
I960 
222-8 
250-7 
278-6 


•26 
-60 
•76 
1-00 
1-26 
1-60 
1-76 
2-00 
2-26 
2-60 


8,333 
16,666 
26,000 
33,333 
41,666 
60,000 
68,333 
66,666 
76,000 
83,333 


6,000 
10,000 
16,000 
20,000 
26,000 
30,000 
36,000 
40,000 
46,000 
60,000 


Sq. miles 
3-48 
6-96 
10-44 
13-93 
17-41 
20-89 
24-37 
27-86 
31-33 
34-82 


Millions of 
c. feet 
4-88 
9-70 
14-66 
19-63 
24-42 
29-30 
3418 
39-07 
43-96 
48-84 
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The second table gives the quantity of water that 
is produced by a given amount of rain over a given 
area. This table is the one that will be found most 
frequently necessary to refer to. 



Quantity of Wateb dxte to a given Rainfall ovbb a 


GIVEN 




Abea. Catohmbnt Abba 


IN ACBES. 






On 


On 


On 1 




lAcre 


S 8 4 


6 


6 


7 


8 


9 


sq.Mile 








.Acres 










Halnfall 

in 
Inches 


In Cnbio 
Feet 


In Thousand Cubic Feet 


In 

Million 

Cubic 

Feet 


1 


3,630 


7 


11 


14 


18 


22 


25 


29 


33 


n 


2 


7,260 


14 


22 


29 


36 


44 


51 


58 


65 


3 


10,890 


22 


33 


44 


54 


65 


76 


87 


98 


1 


4 


14,520 


29 


44 


58 


73 


87 


102 


116 


131 


11; 


6 


18,160 


36 


54 


73 


91 


109 


127 


145 


163 


6 


21,780 


44 


65 


87 


109 


131 


152 


174 


196 


14 


7 


25,410 


51 


76 


102 


127 


152 


178 


203 


229 


13 


8 


29,040 


58 


87 


116 


145 


174 


203 


232 


261 


9 


32,670 


65 


98 


131 


163 


196 


229 


261 


294 


21 


10 


36,300 


73 


109 


145 


181 


218 


254 


290 


327 


23^ 




12 


43,560 


87 


131 


174 


218 


261 


305 


348 


392 


27 




16 


54,450 


109 


163 


218 


272 


327 


381 


436 


490 


34 




20 


72,600 


145 


218 


290 


363 


436 


508 


581 


653 


46 




25 


90,750 


181 1 272 


363 


454 


544 


635 


726 


817 


58 


30 


108,900 


218 ; 327 


436 


544 


653 


762 


871 


980 


69} 


40 


145,200 


290 i 436 


581 


726 


871 


1,016 


1,162 


1,307 


93* 


60 


181,500 


363 544 


726 


907 


1,089 


1,270 


1,452 


1,633 


139^ 


60 


217,800 


436 1 653 


871 


1,089 


1,307 


1,525 


1,742 


1,960 



Thus, with a rainfall of 4 inches over six acres, the 
quantity of water caught amounts to 87,000 cubic feet. 

The next table will also be found necessary to 
refer to. 

These details will have to be referred to in drainage 
operations continually, and it is to be understood that 
to establish the boundaries, or ridge lines, of a drainage 
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DiSOUABGB DUB TO RAINFALL IN DEPTH FBOH 2 TO 

iNCHBs PBB Annum. 



II 


Gnbic Peet per Minnte 


Cubic Peet per Pay 


QallonB per Day 


Por 1 Acre 


Onl 
Sq.Mile 


PorlAcre 


Onl 
Sq.Mile 


Per Acre 


Per Sq. Mile 


2 


•013802 


8-83 


19-87 


12,72a 


123-8 


79,246 


4 


•027604 


1766 


39-75 


25,440 


257^6 


168,491 


6 


•041406 


26-50 


59-63 


36,160 


3714 


237,736 


8 


•065208 


36-33 


79-60 


60,880 


495-2 


316,982 


10 


•069011 


4416 


99-37 


63,600 


6190 


396,228 


12 


•082813 


5300 


119-26 


76,320 


742-9 


475,473 


14 


•096614 


61-83 


139-12 


89,040 


866-6 


654,718 


16 


•110416 


70-66 


15900 


101,760 


990-5 


633,964 


18 


•124219 


79-50 


178-87 


114,480 


1,114-2 


713,210 


20 


•138022 


88-33 


198-74 


127,200 


1,2380 


792,456 


22 


•151824 


9716 


218-62 


139,920 


1,362.0 


871,701 


24 


•165626 


106-00 


23860 


152,640 


1,485-8 


950,947 


26 


•179427 


114-83 


258-37 


165,360 


1,609-5 


1,030,193 


28 


•193228 


123-66 


278-24 


178,080 


1,733-2 


1,109,438 


30 


•207033 


132-50 


298-12 


190,800 


1,857-0 


1,188,684 


33 


•2277 


145-73 


327-90 


209,851 


2,042-8 


1,307,372 


36 


•248438 


169-00 


35776 


228,960 


2,228-7 


1,426,420 


42 


•289842 


i85-50 


417-37 


267,140 


2,5998 


1,109,437 


48 


•331252 


212-00 


477-00 


305,280 


2,97r6 


1,901,894 


64 


•372657 


238-60 


636-62 


343,440 


3,342-6 


2.139,630 


60 


•414066 


265-00 


696-25 


381,600 


3,714-0 


2,377,368 



area, preliminary levels must be taken across the farm 
both north and south, and east and west ; but it will be 
often found that by planting the level in a central 
position, sights may be got all over the farm, and the 
configuration of the ground thus rapidly established. 
As a general rule it will be seen that there is usually a 
distinct slope iii a given direction on the farm, caused 
by the natural eflfect of the flood discharge. Before 
attempting any drainage operations on a large scale? 
these laws governing the extent and effect of a fall of 
rain must be considered thoroughly, with a view to 

d2 
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its being decided how much i?ater falls over that extent 
in area in a given time, and per annum. The next 
chapter deals with its removal by draining. The 
greatest rainfall in England in 24 honrs is about 3 
inches ; the mean daily evaporation in the same time 
being 'OS of the rainfall. Infiltration being: — 



In winter , , 
In spring . 
In summer • 
In autumn 


. 33 per cent. 
. . 36 „ 
. . 2 „ 
. . 48 ,. 


Average of the year 


-42 „ 
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CHAPTEE V. 

DRAINAGE OF LAND. 

On the Drainage of Land, and Surface and Snbsoil Systems, and the 
Qaantities and Dimensions of Materials used, with Contract 
Forms necessary. 

The removal of the excess of water in the soil is eflfected 
by drainage. The size and number and width apart of 
the drain pipes is determined by the result of the 
observations described in the preceding chapter on 
rainfall. The operation of levelling has been already 
explained. Drainage of land may be classed under the 
following heads : — 

I. Subsoil drainage. 
II. Upper „ 

III. Interception „ 

Subsoil drainage is the deep drainage of the strata 
underlying the soil. If the soil is light and rests on 
impervious, or water-bearing strata, the rainfall passes 
through the soil, and rests on the top of the impervious 
stratum, or floods the water-bearing stratimi. The 
upper soil then becomes soaked like a sponge. Drain- 
ing the upper soil will not prevent this to anything 
like the extent that draining the subsoil will do ; the 
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work of subsoil draining may appear heavy, but in 
reality there is much less of it to be performed. The 
labour is partly that of excavation, and filling in after- 
wards. Subsoil drainage in general precedes upper 
drainage; the foundation for the upper soil is first 
made secure and sound, and then the excess of water 
removed by upper drainage. The necessity for subsoil 
drainage is best established or not by proceeding to 
tap the underground strata with trial holes, in dry 
weather, but after rain. 

To effect this, remove a space of the supersoil, say 
2 feet square and 1 foot deep; bore a hole through 



Fig. 5 



Surface 




the remainder of the upper soils till the substratum is 
reached. 

Thus in Fig. 5 it will be seen that the water that 
filters through the soil is pent up in the substratum, 
because the substratum rests on an impervious bed 
that will not allow it to escape through ; the result is 
that unless an escape for it be provided by a drain pipe 
B, it will ^ boil up ' as it is called, and ultimately satu- 
rate the soil ; and the unfortunate feature in the case 
is that this always happens after a wet season, and 
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perhaps just when the land has a chance of getting 
dried. The necessity of laying down the subsoil drain 
B is shown by whether the water in the trial hole A a 
stands in it to any height. The holes should be 
examined 48 to 56 hours after they have been put 
down. From the section given it will be seen at once 
that no amount of draining the upper soil would 
remedy the case* The effect of such subsoil drainage 
is to increase the temperature of the upper soil from 
1** F. to even as much as 3** F. It will also be noted 
that there is less hoarfrost deposited on fields which 
have their subsoil well drained; this is due to the 
lesser degree of exhalation from the surface being con- 
densed, and so deposited again on the surface. These 
two advantages greatly tend to stimulate the growth 
of the crop and the efficiency of the soil in regard to 
its germinating properties. Much alleged defective 
surface drainage is really due to deficient or inefficient 
subsoil drainage. The grave mistake of putting deep 
drainage out to contract in one contract, that was 
almost universally committed thirty years ago, and 
especially in the drainage works executed with Govern- 
ment assistance, repayable over a term of years, is the 
cause of heavy expenditure on the part of the landlord 
now. Subsoil drainage is most essentially a landlord's 
affair, and may be classed as a permanent improvement. 
Let it be clearly understood, therefore, that the essen- 
tial point in drawing up any drainage contract is that 
the (yutting or excavation work shall be a contract 
with one set of men ; the laying of the pipes (and de- 
livery if desirable, on the spot) shall be a contract with 
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another set, the landlord's own men if possible, and 
the filling in not executed by contract at all. These 
measures ensure accuracy of level, and that the pipes 
are not disturbed by careless filling in. If the work be 
let in one contract, the jfrequent results are that the 
pipes are * put out of sight as quickly as possible ' and 
the landlord ultimately is disappointed* 

But when subsoil drainage was introduced in 1835, 
it was a clearly accepted point that it should be followed 
by subsoil ploughing. Where this was practised it 
succeeded; but in many cases, and more especially 
latterly, it has been neglected. This is particularly the 
case in Needwood Forest, which famishes an example. 
Here the subsoil is a stiflF yellow clay ; in places patches 
of red marl rest upon it, but the general subsoil is a 
cold day. When it was disforested some ninety years 
ago, subsoil drainage was not understood. Thirty years 
ago it was laid down, in most eases that have come 
imder my knowledge, very inefficiently. At first, when 
the upper soil contained old turf and vegetable matter 
formed from the leaves of trees, &c., excellent crops 
were raised. The greatest local prejudice then existed 
to breaking up the subsoil, and no wonder. The upper 
soil being now worked out and the subsoil never broken 
up, the existing soil is saturated by absorption, resting 
as it does on a subsoil of undrained marl and coarse 
gravel, which is itself resting on this bed of stiflF and 
impervious clay. Upper drainage is resorted to, and 
frequently fails. Where the subsoil drains run, if any 
exist, is forgotten, and the tenant farmers are afraid to 
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stir the subsoil, ploughing thus being limited to a 
depth of 7 to 9 inches. In a wet season the crops are 
very bad and the pasturage like a sponge. But had 
deep subsoil ploughing been .practised immediately 
after the subsoil drainage, the vegetable mould would 
have been incorporated with the upper soil, which 
would have thus been increased in depth and porosity, 
and which would have rested on a drained foundation. 

The first crops would not have been as heavy, but 
the average would have been good and lasting, and the 
present state of the land avoided. As it is, any 
improvement on the part of the farmer is rendered 
abortive till the subsoil is freed of water. But even 
then the depth of soil is gone for good, and must be 
artificially replaced by careful farming. 

The filling in of a subsoil drain should be done 
under the superintendence of a foreman. Where stones 
have been thrown out in excavation, they should be 
laid carefully on the top of the drain, and if the course 
of the drain intercept any spring, for the space of 12 
feet on either side of the spring it will be found very 
advantageous to fill in for the first 20 inches with 
gravel or broken tiles. To fill in with clay renders the 
drain useless. By filling in the first 20 inches with 
loose material, the subsoil water penetrates the drain 
quicker, and the drain is said to ' draw ' further — i.e. to 
collect water at a greater distance on either side of its 
course. 

The width apart of the subsoil drains is greatly 
governed by the porosity of the strata, but in such soils 
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as require deep draining the following may be taken as 
a guide : — 



In very light water-bearing strata 
In light days with gravel • 
In medium clays and marls • • 
In stiff imperyions clays • • 



. 30 to 33 feet apart 
. 26 H 30 „ 
. 22 „ 24 « 
. 18 „ 20 „ 



In special cases it may be found necessary to reduce 
this width to even as little as 5 feet. 

The eatimcitian of the work is the next question 
that presents itself. To this end the length of drain 
pipes that will be required to drain one acre is to be 
ascertained from the following table : — 

Subsoil Dbains. 
Length cf Drain Pipes required in the Statute Acre. 



No. of Feet Apart 


Length in Feet 


Length in Bods of 16^ Feet 


6 


8,702 


527-3 


6 


7,262 


4401 


8 


6,446 


3301 


10 


4.360 


263-6 


12 


3,631 


2200 


16 


2,900 


176-7 


16J 


2,640 


160-0 


18 


2,421 


146-7 


21 


2,073 


126-6 


24 


1,816 


1100 


27 


1,614 


97-8 


30 


1,460 


87-8 


33 


1,314 


80-0 


36 


1,210 


. 73-3 



The carriage of the drain pipes is calculated thus. 
The table gives the number of pipes of different bores 
or diameters that can be put in one cart drawn by one 
horse. One man is allowed for each pair of carts. 
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Each Pipe beings 12 Inches in Length. 



Diameter of Pipe 


Weight 


Number in a Cartload 


linch 


Hi 


950 


2 „ 


16 


700 


3 „ 


U 


400 


4 » 


444 


380 


6 „ 


72 


350 


6 „ 


102* 


160 


7 ., 


123 


140 


8 „ 


161 


90 


9 „ 


181 


75 



AvEBAGE Cost of Dbaining Tools. 

Ordinary spades, each • . .66 

Mattocks, each . ... . .50 

Narrow draining spades, each • .80 

Drawing scoops, each . • .46 

Pushing „ „ . . . .46 

Shovels, each 3 9 

Stone picks, each . « . .76 

Common picks, each . .50 

The Ml and course of the drains must be deeided 
by the nature of the soil, &c. A sharp fall is very- 
desirable in subsoil drains, where it can be obtained ; 
they are less liable to become choked. 

The direction is marked out for the excavators in 
a line by means of stakes, the rate of fall or section is 
entrusted to the foreman, and the actual depth from 
the surface of the drain at each stake is painted on the 
stake as a guide; at certain sites, such as junctions, it 
is necessary to have inspection shafts constructed, which 
also serve as air escapes, and allow the air contained in 
the drain to escape when compressed by a heavy 
volume of water descending the drain ; if these escapes 
be not provided, the drain is liable to be blown up. 
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These inspection shafts should be brick, laid in cement, 
1 part cement to 3 of sand, 2 ft. 6 in. x 2 ft. square. 
Fig. 6. A lead label, with the description of the drains 
or numbers corresponding to the indication on the 
drainage plan punched on it, should be securely fixed 
over each drain pipe delivering into the shaft. The 
shaft is closed by an iron grate or flat stone (Yorkshire 
flag), but if the latter a small hole should be put 

Flg.6. 




through it. These shafts are a very great saving of 
expense in ascertaining the conditions of the drains, or 
gauging the flow. The eflScacy of subsoil drainage 
is estimated by the diminished annual average flow, 
gauged in the man-hole or inspection shaft, after com- 
parison with the total rainfall. 

It is essential that the discharge pipes delivering 
into the inspection shaft should project not less than 
3 inches from the brickwork. In very wet localities, 
or in running sand, it may be found necessary to pro- 
vide * weep-holes ' .or apertures between the bricks of 
the retaining lining wall of the shaft to prevent it 
being damaged by the wet at the hajck. 

An important advantage is gained, where the levels 
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of the surface admit of it, by providing cross relief 
drains. Thus in Fig. 7, which represents the hori- 
zontal plan of a subsoil drain A b approaching near the 
bend of a stream c d, lower in level than A b. a b may 
be relieved of pressure by the drain CD cut across to 




intercept ab. Care must be taken to observe the 
maximum flood level at d, lest the water from the 
stream should back up into A B. 

The relief system is only useful in long drains 
by reducing the diameter required for them and so 
reducing the cost, and increasing their eflSciency by 
providing additional outfalls. 

When the excavators have dug the trench, the level 
is again taken, and the trench corrected where required. 
The pipes are then laid and their level taken. Filling 
in is then practised. 

The engineer notes, by means of the theodolite, 
the direction of the drains ; by the Gunter's chain the 
distances from conspicuous objects are ascertained. 
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Outfalls of Mam Drama. — These should be in 
selected sites. In some cases it is better to deliver 
into a man-hole, the overflow being allowed to flow 
into the stream. This is the case where the banks are 
undermined by floods ; the general rule is to protect 
the outfall pipe by brickwork in cement, and if neces- 
sary by flanking works. 

Fig. 8 




Fig. 8 represents the section of such outfall. The 
face A B should be well thrown back and the masonry 
provided with outlet pipes or weep-holes at D and C. It 
should rest on a good footing at B so as not to be under- 
mined by its own delivery of water. This plan is to 
be strictly adhered to in all outfalls. The writer has 
seen outfalls entirely obliterated for want of such works, 
which should, in the case of a pond, be protected 
from the tread of cattle drinking. 

Subsoil ^ploughing is eflfected either by steam or 
horse power. It is purely an agricultural operation, 
generally to be performed by contract. Steam is 
preferable for large fields, horse power is necessary for 
small ones. The relative cost cannot be compared 
except on the spot. All things being equal for both 
the quality and cost of the work, the difference is every 
year more in favour of steam. It should (if by steam) 
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form the subject of a contract, the details of which 
should ensure a proper average depth, a limit of time 
taken in the operation, and the removal of couch-grass 
or twitch and large stones brought to the surface by 
the subsoil plough. 

It may be observed here that the main subsoil drain 
into which the other deep drains empty should be laid 
with a view to efficiency of outfaU in wet and after 
continued wet weather, and with every convenience as 
regards direction, diameter, and fall, to enable ultimate 
extension. A practice exists of planting willow trees 
to bind the banks of the stream at the outfall. This 
is most objectionable. When willow roots extend 
within 50 feet of subsoil drainage, they should be 
either avoided by diverting the course of the drain, or 
cut down, and their roots grubbed or destroyed by 
pouring vitriol on the stumps. If this is not done they 
will ultimately choke the drain pipes entirely. 

It need hardly be observed that attention is to be 
given to the porosity of the pipes. Their quality is 
shown by their ' ring,' or resonance when struck. In 
transit by rail 7 per cent, should be allowed, in ordering, 
for breakage, 2 in carting, 2 in unloading ajid laying, 
in all, 11 per celit. for breakage from the works to the 
spot they are required on. Pipes with -a * dead ring ' 
should be rejected. They are liable to become rotten 
and decay. 

The foreman in charge of the work shpuld have 
a plan and section of the work, and daily record on it 
the work done. In flat, level land, the curvature of 
the earth is to be allowed in levelling. 
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A most useful table for discharge from pipes running 
full for a given faU where the pipes are of a given 
diameter is subjoined. It is a tabl^ of constants to 
avoid excessive labour in calculation. If half the con- 
stant number be taken, instead of the whole, the 
results are very nearly those for pipes running half 
fully and as drains should have a margin of carrying 
power to that extent, the result thus obtained is what 
is required. The table is further applicable to find the 
diameter required for the pipes and the fall necessary 
to accommodate a given discharge of rain fallen. Ex- 
ample. What will a pipe discharge that is 6 inches 
diameter and 2,000 feet long ? 

2000 

-^ = Ml of 1 in 100, then v^lOO=10, 

^416*5 
and constant number —ttt = 41'65 cubic feet per 



10 



minute. 



DiSOHABGE OF PiPBS (IN FBKT CUBE PBB MiNUTB). 



BiametCT of 

Pipe 

In. 



1 



S 

I' 

H 

5 
6 



Constant. To be 

Divided by the 

Length of the 

PipeEaU 

4-71 

8-48 

1302 

1915 

26-69 

46-67 

73-60 

10814 

15102 

194-84 

263-87 

416-54 



Diameter of 

Pipe 
Ft. In. 

7. 

8. 

9. 

10. 

11. 

1 0. 



1 3. 
1 4. 



5. 
6. 



Constant. To be 

Divided by the 

Length of the 

Pipe Fan 

• 612-32 

• 854-99 
. 1,147-61 
. 1,493-47 
. 1,894-93 
. 2,356-00 
. 2,876-68 
. 3,463-32 
. 4,115-93 
. 4,836-87 
. 6,628-48 
. 6,49314 



Rule for Discharge.— The length (Z), jEeOI (/), and 
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the diameter (c?), being known, c, the number of cubic 
feet per minute discharge is : — 

square root of / or rate of incline 
"" corresponding constant in table. 

Diameter of pipe required =v 

p = sq. root of /x discharge. 

Find the nearest corresponding constant in the 
table. The diameter opposite to it is the required 
result. 

Fall required. — Divide the constant for the given 
diameter by the discharge. Square the result, and 
divide it (the result) by the length of the pipe. The 
result is the head or total fell required to drive the 
quantity of water through the pipe. 

Note. — ^All terms to be taken in lineal or cubic 
feet. 

Bends. 

Bends in the course of the pipe should be as few 
as possible and in parabolic curves. Their resistance 
causes loss of head — viz., 

V = velocity in feet per second. 

H = head necessary to overcome the friction. 

A = angle of bend. 

H = -0155 v^ K. 

The value of k is 



angle of 20" 


K = 


•046 


60" 


» 


•139 


80" 


j> 


•364 


90" 


>» 


•74 
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For an angle of 100° K = -98 
„ 120° „ 1-26 

„ 160° „ 1-86 

In surface drainage these tables are equally appli- 
cable. It may generally be assumed that subsoil drains 
run half full, but their actual discharge may be gauged 
in the man-holes referred to. 

Having freed, by the operations described, the sub- 
stratum of its water, the surface soil may require 
shallow drains, to keep the soil from becoming puddled 
and impervious; to effect this properly, the drains 
should lie at a depth from the' surface that prevents 
them from being crushed in by steam engines or dis- 
turbed by the plough or in trenching. 

Their depth and width apart is further governed by 
the nature of the soil, the existence or not of eflfective 
subsoil drains, and the natural slope of the land. 
Except the soil be dry the action of manure is wasted. 
On a saturated soil no benefit can be obtained from the 
action of lime. 

Before finally deciding on the shallow drainage of 
a piece of land already provided with subsoil drains, 
the attention of the reader is directed to the subse- 
quent question of interceptive drainage. There may 
arise occasions on which a skilfully directed intercep- 
tive drain, across the natural slope of the land, may 
intercept and carry oflF the water that would otherwise 
drain itself away by following the natural slope of the 
land. 

The cases we have to consider are those where such 
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a drain is not serviceable or practicable, rendering it a 
simple matter of surface drainage only. 

It may be on the whole best in most cases to place 
the drains in the natural water-furrows where arable 
land has been laid down to grass. The quality of the 
grass in these water-furrows is poor, and the drainage 
will greatly improve it, and thus add to the * keep ' of 
the field ; farther, it accelerates the rate of drainage 
after heavy falls of snow ; thus Fig. 9 shows the sec- 
tion of a field so drained, and Fig. 10 the field in plan. 

Ffg.9 




Seotion. 

The dotted line is the depth of the cultivated soil, 
or the point at which the substratum commences. 
The drains marked A are the surface drains, those 
marked b are subsoil drains. The waved lines illustrate 
the sectional area of ground drained by both — i.e. the 
respective * draw ' of the drains. M is a man-hole and 
air escape. 

In Figure 10, the arrows show the general incline of 
the field. In this case, supposing the field not to have 
been provided with subsoil main drainage and main 
drain, it would be necessary to provide a heading-drain 
across the surface drains for them to empty into. To 
empty surface drainage into ditches, in the boundary 
fence, it is necessary to bring the drains too close to it. 
They become choked after a time, and are greatly 

E 2 
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interfered with when their outfall is choked by snow- 
drifts. This is more especially the case on the north 
and east side of the fence. The writer has had experi- 
ence of them being the cause of very nasty falls in the 
hunting field, the drains breaking in on the horse 
alighting. 

Fig. 10 



A 


A 


E 


1 


A 


A A 


B 




< 

A 


A 


E 
A 


\ 


A 


B 

A 



B B 

The same field in plan. 

« 

The levelling to be carried out for such surface 
drainage is confined to the taking of the necessary levels 
to ensure a proper fall for the main drain. The dia- 
meter of a main surface drain should never be less than 
six inches. Sub-mains may be four inches diameter ; 
branch drains, three, two, one-and-a-half inches. 

The fall is calculated from the preceding table of 
constants thus. The rainfall is gauged for the area of 
the whole field, as total rainfall, and the maximum fall 
in a given continuous period also noted. The result is 
that the minor drains will discharge, or should dis- 
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charge, that amount at a certain rate into the main drain. 
Then, having determined that rate and quantity, or 
discharge, reference is made to the table of constants 
for discharge, and it will be at once seen that the 
question comes under the first application of it. The 
level having been taken for the main drain, it is seen 
what is the total amount of available fall. Taking 
this as the fall we have to use, the number of cubic 
feet the main drain will accommodate, on the proposed 
scale, is ascertained by the application of the table of 
constants as directed and shown by the example ; but 
for convenience sake another case is shown here. 

The main drain is 3,000 feet long and 6 inches 
diameter. 

The total available fall is 20 feet. 

Then -^ = 1 in 150 inches. 

20 

The square root of 150 is 12-247. 
The constant for a 6-inch pipe, 416'5. 
416*5 -5- 12*247 (omitting the decimal readings) 
= 34 feet cube per minute. 

Then the discharging power of that proposed main 
drain is 34 cubic feet per minute,, running full. 

The only question to decide then is, is there a 
sufficient margin of carrying power? As the drain 
should never run more than half full, the carrying 
power is in practice only 17 cubic feet per minute. If 
the total maximum rainfall does not exceed this, and 
does not come up to it by 20 per cent, the drain is 
large enough and the fall is sufficient. 
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The discharge for a given rainfall over a known area 
is given at the end of the chapter on Bainfall. 

Having found the efficiency of the main drain, to 
find the efficiency of the small furrow drains, ac^d up 
the sum of their diameters ; treat this result as the size 
of one pipe — i.e. its diameter. Proceed, as in the case 
of the main drain, to find the maximum theoretical 
discharge in cubic feet per minute; if the rainfell 
observed is only 60 per cent, of this amount, the pro- 
posed surfiice drainage works are sufficient, and the 
whole works properly proportioned on a well-established 
engineering basis. It is to be borne in mind that the 
discharge in practice will be only half the volume of 
the maximum theoretical discharge, as the pipes should 
not run more than half full. 

Thus — 10 3-inch diameter drains each 200 feet 

long. 
Total available fall 10 feet. 
Eate of incline = 1 in 20. 
Required the discharge (max. theoretical) ; 
then — 10 X 3 = total diameter of pipes, 
= 30 inches (for one pipe), 
10 X 200 = total length (of one pipe), 
=2,000 feet. 

It then simply becomes necessary to proceed as 
previously shown by the table of constants for discharge 
from pipes. 

No rule is to be laid down for the rate of fall for 
surface branch drains. It is the most fall that can be 
got economically and safely that ensures the pipes 
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delivering into the main drain. The less the fell the 
greater the number of branch drains and the larger 
their bore. The point to be aimed at is to rid the 
soil quickly of the excess of rainfall. The velocity of 
any falling body is 8*04 a/ distance fallen. In the 
example previously given, the total fall was given as 
10 feet. 

Then 8 times the square root of 10 feet 
= velocity of water in feet per second, 
bends, friction, and obstructions not allowed for. 

. The square root of 10 is 3*162; leaving out the 
decimal readings, 

8x3 = velocity in feet per second 
= 24 

Allow ^th, that is 4 feet per second, of the total 
velocity to be absorbed by friction, &c., then 10 feet 
fall yields 20 feet velocity per second. 

Too great a fall makes too heavy a pressure on the 
pipes themselves, and may burst or blow them up. 
The pressure is directly as the height, or total fall 
called the head of water. It may be taken generally 
that 30 feet of water = 1 51bs. per square inch pressure 
on the pipe, so that excessive fall is to be avoided. 

This may be done in several ways; by means of 
man-holes the pressure maybe relieved, or by deviation 
slightly in an oblique course across the line of natural 
slope, thus lessening the velocity of the water by 
absorbing it in friction going round the curve, but 
care must be taken how sharp the curve is made, or 
the pipes will be displaced ; a man-hole may be placed 
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at the cnrve if too sharp with advantage. The above 
tabulated results are collated from contracts made in 
diflFerent parts of England. They are a mean index to 
cost. A considerable series of drainage contracts were 
executed by Mr. Eobert Brown, and with so nearly the 
same results that it may be taken as a reliable guide 
to estimate the cost of work of this nature. In the 
Midland Counties, except the coal and iron trade 
is depressed, the cost is from 4X. to 71. per cent, higher 
than that given in the table. In aU cases the main 
outfall drain is to be carried out first, and the work 
proceeded with up, and not down, the incline. Collared 
pipes are advisable for six inch and larger diameters, 
and the trench for the pipes should not remain lying 
open for any length of time, before the pipes are laid. 
The bottom may require ramming firm. A case is 
given of the cost of draining running sand. The bed 
was 3 feet 9 inches deep to the solid clay. It had to 
be drained at any cost, and not with open trenches, 
for special reasons. As a rule, running sand is best 
drained by wells sunk vertically. No pipes must be 
laid in running sand ; they must be laid on the top of 
substratum of solid material below it, which causes the 
sand to run. 

It will generally be observed that the presence of 
high ground, near the site of the running sand, storing 
a quantity of water, is the cause of the great quantity 
of running water in the sand. 

In Northumberland Avenue, London, the thickness 
of the bed of running sand to be sunk through to the 
London clay is over 40 feet, or 42 feet at the north end 
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of Westminster Bridge. In eases of this sort, founda- 
tions are obtained by the process known as sheet piling. 
That is to confine the water in the sand by driving 
down flat piles to, and well into the solid substratum, 
thus ensuring the area required. On this area the 
building is erected. The writer once had occasion to 
make use of piles to carry a main drain through run- 
ning sand, which should receive the water. Wrought- 
iron pipes were used, screwed into each other in ten- 
foot lengths. The piles were driven in every 20 feet, 
and the pipes supported on them. In places the pipes 
were perforated to allow the water entrance, the last 
pipe of the lengths of iron pipe discharged into a catch 
pit to remove the sand that entered with the water. 
The results have been quite satisfactory, as previously 
to this even brush wood drains had been carried away 
laterally at times. The depth of the bed of sand was 
6 feet to 8 feet in places, being a band 90 feet wide. 

It may perhaps be well to state here the causes of 
failure in both subsoil and surface drainage that the 
foreman in charge of the work will especially keep his 
eye upon when the respective contracts are proceed- 
ing, and a short draft form of agreement between the 
contractor and engineer is given, a modification of 
which may always be made, which brings the matter 
into a proper business shape. 

Memorandum of cm agreement made on 

18 , between A. B. ... and C. D., hereinafter 
called the GontroAstor. 

Whereby the said C. D. undertakes to execute the 
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following works and to complete and deliver the same 
on or before the day of 18 , or in de- 

fault of such delivery to pay the sum of 2Z. per day. 

(Here insert the specification of works to be exe- 
cuted thus.) 

1. To excavate the entire horizontal course of the 
TYiai/n drain^ marked (!) on the plan^ in a thorough 
and worhmanlike ma/aner^ and in such a mcmner as 
shall preserve and render efficient the levels and rate 
of inclination described and shown on the sectional 
plan attached. 

(Following this, the remainder of the works to be 
executed are inserted, ending always with the proviso :) 

* The said C. D., the Contractor, further engages to 
carry out the above works to the satisfaction of the 
said A. B., his engineer or agent, for the sum of 
£ 8. d. on the understanding that no part of the 
works specified and executed shall be paid for that 
are not carried out and executed in accordance with 
the plans and sections attached, and to the satisfaction 
of the said A. B., his engineer or agentJ* 
In witness thereof, 

(Signed) A. B. 

Date . CD. 

N.B. The usual agreement stamp, according to the 
value of the agreement, should be affixed, or the con- 
tract may be drawn on stamped paper, to be obtained 
from the supervisor of Inland Eevenue. The con- 
tractor should sign the plan and section on the plans 
referred to. 
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In many parts of England the excavation work is 
let out in rods of 16^ feet in length, at so much per 
rod, to individual labourers, but it is not a practice that 
is conducive to either good or careful work as regards 
rate of inclination, and it is most desirable to leave 
such sub-contracts to the contractor, and thus have 
only one man of some ability and pecuniary substance 
to deal with. 

The points the foreman of the work will have to 
notice are: 

That the rate of inclination is truly kept by the 
excavators ; if not, immediately to stop the work, 
and having found the error, with the dimipy level, or 
clinometer, to see that it is rectified. 

That the bottom on which the pipes are to be laid 
is firm. 

That the earth excavated is thrown far enough to 
be clear of the trench. 

The sooner laying and filling in can foUow the ex- 
cavation the better. 

The foreman is particularly enjoined to take the 
levels on the staff held on the pipes every 50 feet to 
compare with the rate of inclination" given in the 
section. The top of the drains should be weU covered 
with stones, broken tiles, or other porous substances, 
to prevent their efficiency being reduced by the im- 
pervious nature of the soil immediately surrounding 
them. 

These constitute the general features of the two 
operations of subsoil and shallow, or surfece drainage. 
It may appear to the reader that these precautions and 
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methods of procedure axe too extensive or too compli- 
cated. I can only urge that the want of themfi has cost 
the landowners in this country a very great deal more 
than they are yet aware of. There is only one systematic 
plan on which the excess of rainfall can be economically 
dealt with ; that plan is based on the principle in hy- 
draulic and civil engineering generally, that a given 
rainfall in a given time over a given area yields a given 
discharge, that its removal is governed by the diameter 
of the pipe and its rate of inclination. The directions 
laid down here are the practical application of that rule 
in the simplest and shortest way that an extensive 
experience in draining has recommended as being 
within the knowledge and requirements of those whom 
it is intended to benefit, and who have occasion to 
go into the subject continually. 

The interception of water on the crests of slopes, 
and the drainage of bogs and swamps, next claim 
attention. 

Fig.U 




Section. 

In Fig. 11 A B represents two fields ab, bb. The 
line ab represents the general slope of the ground. 
The substratum is overlaid in a E by a bed of water- 
bearing or porous strata. At d the water boils up and 
floods DB. To drain db is merely to flood ed and 
incur great expense. A trial hole is put down at e, 
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with the result that it promptly fills. A 4-inch or 
6-inch drain is laid at b, sloped to give sufficient fall 
across the natural slope eb. By this operation the 
water blowing out at D is intercepted at e, and b B is 
drained thoroughly * by there being nothing to drain/ 
as expressed by the Irish navvy. The water that falls 
over the area of the field a b is entirely carried away 
by the drain at E, and the necessity of bb being 
drained is removed. 

This feature of interception, whenever possible, 
should be especially carefully studied in extensive 
drainage works. The writer intercepted for 11 Z. out- 
lay a discharge estimated at 442. by the tenant, which 
he proposed to carry off by surface drainage on the 
herring-bone system of laying the branch pipes. 

Interception should form the first consideration to 
the engineer in planning a system of drainage. A very 
great number of the failures, of surface drainage more 
especially, have been due to want of interception at 
suitable places. It may occasionally be found that, in 
winter and spring time, ponds rise to a level that 
admits of the water escaping through the porous strata 
that lies above their summer level, and percolating 
out at some lower level. Disused marl pits that have 
become ponds are especially liable to have this form of 
escape for their winter flood discharge. 

The drainage of peat moasea is a very simple, yet 
but rarely thoroughly understood, operation. It is 
spread over a period of some three to five years to be 
effective afterwards and economical at the time. Peat 
beds range firom four to twenty feet in depth. As the 
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peat becomes drained it sinks; the water having left it, 
it contracts in all directions, but only that portion in 
vertical height from the bottom of the drain to the top 
of the peat does so. It, so to speak, floats on the 
surface of the undrained portion which still retains 
its excess of water. 

The moss is staked out in plots of say ten acres. 

Cross open ditches are cut 50 yards apart; parallel 
or *end on' drains, in the form of open trenches 2 
feet deep to begin with, are cut to empty into the 
cross drains at right angles. Each parallel drain is 21 
feet from the next, so that there are 10 parallel drains 
to the acre. The effect is that the water contained in 
the section of the bed of peat 700 yards x 2 feet deep 
is squeezed out by the rain, and runs away into the 
cross drains. The whole system of drains, when the 
section referred to is dry, say in twelve to eighteen 
months, is lowered another 2 or 3 feet, when the same 
eflfect described repeats itself. This process is con- 
tinued unta the bottom of the bed is reached ; after 
the second lowering the bed will bear cultivation with 
safety, as a rule. 

Drain pipes may ultimately be laid along every 
third cross drain on the solid bottom. 

The slope of all drains cut in peat should be as 
3 to 1 — i.e. 3 feet wide at the top fot 1 at the bottom 
for 3 feet deep. This yields an average subsidence of 
from 9 to 12 inches when the peat is drained. The 
cost of such work may be reckoned at from 6L an acre 
for mosses from 5 to 8 feet deep, and from 7Z. to 12L 
per acre when the depth ranges from 8 to 12 feet, 
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beyond which depth reclamation for cultivation is not 
recommended, and structures should be floated on the 
moss by judicious distribution of their weight. 

If pipes must be laid through a peat moss, their 
weight must be distributed by placing them on planks 
i to f of an inch thick. The wonderful antiseptic 
properties of the peat water will preserve these planks 
for a hundred years or more. 

To ensure success in the whole operation it is most 
desirable only to excavate the drains to such a depth as 
their sides will stand. 

The reduction in the supporting and floating power 
of the peat as it drains may be well estimated by 
placing a large stone on the surface two yards or more 
from a drain. As the drainage proceeds the stone 
slowly disappears to a certain point beyond which it 
will not sink. Then the effective power of the drains 
has ceased and they must be deepened. Cattle cross- 
ings across the trenches should be sloped to 1 in 12 ; 
bridges often cause accidents to young stock and 
horses; cross planks may be laid with advantage in 
the ford, weighted at the ends with heavy stones. 
With the weight thus properly distributed horses can- 
not get bogged. A road over the moss is to be similarly 
treated. 

The Liverpool and Manchester Eailway was carried 
over Chatmoss by utilising the dry peats on fascines 
and hurdles, to form a sort of raft on which the railway 
floated. The weight of dried peat is 31 lbs. per cubic 
foot. One cubic foot will absorb 32 lbs. of water, thus 
weighing when saturated 63 lbs. 
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A curious and unexpected feature in the behaviour 
of peat mosses is that, if stones are tipped into them in 
a horizontal direction across the moss, they distribute 
themselves according to their natural slope ; thus in 
extreme measures a road may be formed. 

Swamps are somewhat similarly treated as peat 
mosses. Their depth decides their value for reclamation. 
They can frequently be greatly reduced in area first by 
interception. Eecent microscopical research indicates 
that their margins are the haunts of some protoplasms, or 
organic germs, highly destructive to animal life. Their 
presence on a farm on which any head of sheep are kept 
is most undesirable for this reason. 

Hill pastures are best drained by open courses as 
regards economy, but pipes are more efficient to pro- 
duce a good quantity of the finer grasses so essential 
to good keep. 

Crenerally the presence of the following plants and 
signs denotes an excessive saturation of the soil or 
ineffective drains. Sushes, especially if on the slope 
of the ridge of pastures ; willow weed in arable land ; 
a dark brown patch in places on pasture land; a 
falling off in patches of cereal crops in average length 
of straw on arable land, frequently very early in the 
season — indeed the rabbits are frequently credited 
with creating this appearance near the fences, which 
on examination proves to be defective drainage. The 
actual biting of the blade is to be looked for in the 
latter case. I may here observe that much is to be 
learnt of the saturation of the soil by using a percola- 
tion gauge. This gauge consists of difierent sizes of 
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porous earthenware cyKnders. They are sunk to dif- 
ferent depths in the soil, and the amount of water 
that finds its way in, in a given time, represents the 
necessity for further drainage or not. 

These cylinders have been admirably constructed 
for me by Messrs. Johns & Co., of Armitage Pottery 
Works, Eugeley, Staffordshire, and are comparatively 
inexpensive. Other types of percolating gauges may 
be constructed ; the advantage of this one is that the 
chemical constituents of the water caught may be 
examined effectually. The foregoing, then, forms the 
basis on which drainage works should proceed. If 
the rules laid down are carried out I am confident 
that the results predicted will follow, whilst after the 
lapse of any number of years the efficiency of the 
work can be tested, and its depth, position, and direc- 
tion known, without the expenditure of a single penny. 
Such, unfortunately, has not been the case in times 
gone by. Several cases have come within my know- 
ledge, as an engineer, whfere the landlord is paying 
drainage interest on drains long previously useless, 
whose depth and site is unknown, and where informa- 
tion respecting which could not be got without very 
great expense being incurred. 

Beclamation drainage works are dealt with under 
the head of their necessary embankments in the next 
chapter on the treatment and control of rivers. 
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CHAPTER VL 

THE EMBANKING OF RIVERS AND THEIR GENERAL 
TREATMENT. 

On the EmbankiDg, Straightening, and General Treatment of 
Rivers and Water Channels, with Tables of the Labour thereon, 
and on the Construction and Protection of Outfalls to Main 
Drainage. 

The improvement of the natural channel of a stream, 
and the protection of the adjacent land from floods, is 
entirely dependent on the manner in which the pro- 
posed work is treated. The writer's experience as 
consulting engineer to the Trent Board of Conser- 
vators is that it has been the exception for river 
improvements to be carried out properly ; indeed on 
several occasions so great was the harm that would 
arise, that he had to stop the work proceeding. No 
doubt it is very annoying to be told that the proposed 
work will do more harm than good ; but perhaps the 
agent will feel consoled at the reflection that hydraulic 
engineering is so special a branch of civil engineering, 
that an ordinary civil engineer would probably take a 
special opinion before attempting the improvement of a 
river, and be convinced that, except the laws that govern 
the subject be studied, feilure is the result. Let ^le cite 
an instance : a mill tail race was undermining the sup- 

F 2 
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ports of a bridge at one end by washing away the gravel. 
The agent's attention was drawn to it. He allowed 
the matter to remain in statu quo until a hole 10 feet 
deep was washed out. The mill was then stopped, and 
after allowing the tail race to run down, the hole was 
filled in to the spring of the ait;h of the bridge with 
concrete ; by this time he had entirely forgotten the 
existence of the trout and grayling in the stream, 
which were dying for want of water, until finally two 
fishery inspectors were despatched to the spot. The 
whole of this expensive and utterly useless operation 
might have been avoided by driving into the bed of 
the river a few short pUes to divert the wash of the 
tail race, so that a load or two of gravel emptied into 
the race above the bridge would have been washed 
into the hole, and the hole filled up at next to no cost. 
It is this sort of work that does so much mischief 
to a stream, and the plain reason of it is that the work 
is done without any regard to any laws that may 
govern it, and without either the necessary skill or 
knowledge. 

The particulars given in this chapter are not in- 
tended to extend to the larger operations on a main 
river, that are generally (if they are to succeed; vested 
in the hands of a Board of Commissioners ; they apply 
to the rectifying and general works necessary on the 
minor tributary streams. Firstly, then, it is to be 
understood that notice to repair, raise, or alter any weir 
or river dam, or to obstruct the stream in any way, must 
be given to the Conservators of the Fishery District ; 
that the raising of a weir renders the work of construct- 
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ing an efficient fish pass obligatory on the owner. To 
totally obstruct the stream is illegal. Where lime is 
used, the owner should have a man constantly present 
to see that it is not allowed to flow negligently into 
the stream, or, as is frequently the case, that the men 
do not purposely destroy the fish in the stream with it. 
The Eivers Pollution Act and Freshwater Fisheries 
Amendment Act deal with this efifectually if these two 
points are neglected. The Salmon Acts 1861 to 1873 
deal with free passes and obstructions. 

The above are the points, then, that are to be 
noted if the place is within a fishery district. 

The StaMlity of the Channel. — Before commencing 
straightening or other improvements that affect the 
velocity of the current, the stability of the bed of the 
channel must be estimated and secured. The term 
stability means that the materials that compose the 
bed of the channel are firm and cannot be disturbed or 
carried away by the current. 

Db Buat's Table of STABiLiir. 

I\fr Current the Velocity of which is taken on the River Bed, 

Material Compoeing Will bear a 

Bed of Channel Velocity of 

Soft day 0*25 feet per second 

Fine sand 0*50 „ 

Coarse sand and fine gravel • 0*70 

Gravel (the size of beans) . • 1*00 

„ 1 inch diameter • . 2-25 

Pebbles \\ inch „ . . . 3*33 

Heavy shingle .... 4*00 

8oft rock, brick, earthenware . 4*50 „ 

Various kinds of rocks . • 6*00 to 8*50 „ 

On the head of stability it may be said that a 
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Btream with earthen or muddy banks and bottom is 
just stable, and no more, in minimum level. In flood 
or maximum level it is unstable at once. A river may 
be stable as regards its bed and yet unstable as regards 
its banks, or the exact reverse. Unstable portions of 
both banks and bed will be found here and there. It 
is these portions that claim the attention of the 
engineer. The bed of a river in an unstable condition 
is recognised by the existence of ridges of gravel or 
other material that have a long ascending slope on 
the upper side, and a sharp pitch down on their lower 
side, or side below, in the direction of the current. 
The ridge is formed first by gentle floods piling up 
the stones where the current happens to be slack ; 
they are then pushed over the crest of the ridge and 
fall down the steep slope, gradually forming a shoal. 
The deep side of a shoal (and the dangerous side to 
wade when angling) is always the upper side after 
floods ; especially is this so in the rivers Blythe and 
Dove and parts of the Trent, on account of the variable 
stability of their beds. The stability being governed 
as shown by the velocity as regards the bed of a 
channel, it is evident there must be more than one 
velocity. 

There are three velocities — viz. that on the bed of 
ih.Q stream referred to in the preceding table of maxi- 
mum velocities within stability .over beds of diflferent 
materials; that in the centre of the stream at the 
surface, measured from bank to bank ; and that against 
the banks themselves. The mean velocity of a stream 
is obtained at any given cross section by dividing the 
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volume of flow in cubic feet by the area of the cross 
section in feet. The following table shows the com- 
parative relations of the surface, bottom, and mean 
velocities in inches. 

Table op Comparative Riveb Vblocttibs. 



Snrface 


Bottom 


Mean 


40 


100 


2-50 


80 


3-342 


6-67 


120 


900 


12-50 


200 


12056 


16-027 


240 


15194 


19-597 



The velocity of a river is greatest at the surface 
and the centre, diminishing gradually towards the 
bottom and sides. 

Anything which narrows the width of the channel 
will increase the bottom velocity, and a shoal will form 
lower down the river where the accelerated velocity 
becomes diminished. 

Injudicious banking or protection to banks, the too 
free use of groins or wash-boards, may divert the current 
too violently to the opposite side of the river and 
damage or wash away that bank. In this case, if it 
is a different owner, it often happens that he places 
a counter wash-board on his side and throws the wash 
back again lower down ; this state of things continues 
till either a lawsuit arises, or, more fortunately for both 
parties, if in a conservancy district the engineer inter- 
feres by removing the offending boards and straighten- 
ing the channel fairly by taking an equal amount of 
land from each party, thus Fig. 12. 
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A and B are engaged in what may be termed a 
* banking war.' A line H c H and H i H are surveyed in 
such a manner that what land is taken from a is given 
to B and vice versa in the counter bend. Then H H H H 
is the new channel in place of E E E E, and the contro- 
versy set at rest to the mutual satisfaction of both 

Fig. 12. 




Plan. 

parties. But levels must be taken to ascertain what 
effect the increased velocity will have on the bed of the 
new channel; if too great, it will be disturbed and 
carried away and deposited lower down in the direction 
of s. 

The rule to ascertain the velocity of the current 
for such straight channels and for rivers generally of 
medium dimensions is subject to the hydraulic mean 
depth being first ascertained of the channel. The 
hydraulic mean depth is a technical expression for the 
sectional area of the channel divided by the length in 
girth in feet of that part of the channel, both sides and 
bottom, that is in contact with the water flowing in the 
channel. The quotient, in this numerical operation, is 
called the hydraulic mean depth. 
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The exact formula used is, for the friction, when 

A = sectional area of channel. 

B = its girth (above described) in contact with 

water. 
L = length of channel so that L x 6=its frictional 

area, 
m = A-T-6 or the hydraulic mean depth. 

""•'a m 

F is the coefficient for friction. 

For ordinary purposes the hydraulic mean depth in 
feet is multiplied by twice the fall in feet per mile. 
The square root of this result is to be multiplied by 
65. The result is the mean velocity of the stream in 
feet per minute. 

The next point is the rise of the river due to plac- 
ing obstructions in it, such as piers of bridges. These 
results from careful experiments are given in table on 
next page. 

The question of embankmg can now be gone into. 
It is divided into the protection of river banks from 
the undermining action of the water ; the erection of 
a system of protection by banks during times of flood 
to low-lying adjacent land, and their drainage ; and sea 
or tidal defences. Reservoir banks are dealt with in a 
later chapter, under the head of Hydraulics. When a 
river passes through low-lying land thus, as in Fig. 12, 
embankments are resorted to for the purpose of con- 
fining the flood waters. 

The embankments a 4 should be placed at some 
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considerable distance from the natural banks at CC. 
Especially is this to be done if in any part of the river 
a bend occurs that may be utilised as a store reservoir 
to accommodate the flood waters. The land A B on either 
side may then be drained by a low-level dyke, and 
by pumping the drainage water back into the river by 
windmills, hot air, or steam, or occasionally the eco- 
nomic transmission of power by electricity may be 

Fig. 13. 




Section. 

found applicable to the purpose, or, preferably to any of 
these methods, the dyke may be continued in a direc- 
tion somewhat parallel to the course of the river until 
sufficient fall is obtained to turn the outfall of the 
dyke into the river. In taking levels with such an 
object in view the greatest accuracy is necessary, and 
the correction for curvature of the earth applied {see 
Chap. II.). If the embankments are raised too near 
the natural banks of the river, they must be very much 
higher. The material taken from the drain is to be 
applied to form the bank. 

The construction of such an embankment is 
governed entirely *by the nature of the materials at 
hand to form it. It should be three feet six inches 
higher than the highest recorded flood level. If no 
low-level dyke is required, then the material may 



Digitized by 



Google 



76 ENGINEERING FOB ESTATES 

obviously be taken with great advantage to the object 
in view and with economy also from the strip of land 
A c, on either side, or on one side only as the oppor- 
tunity occurs. The base of the embankment should 
be three times its height, the width at the top being 
one-third of the height. The materials suited to form 
such an embankment are dry clay, well rammed in 
layers one foot thick, earth, or any soil of considerable 
weight and stability. If peat, to be weighted with 
heavy stones and constructed in two-feet layers. 
Slopes of one and a half to one, or two to one are ad- 
missible for moderate pressures. The bank is to be 
protected, when necessary, by dry stone pitching 
down its face. These stones are to be roughly 
squared by hand, eight inches in thickness at the 
top of the embankment and increasing in thickness at 
the rate of three inches per yard. At the foot of the 
bank they should rest on piles or other secure founda- 
tion, according to the nature of the soil they rest on. 

When A c(in Fig. 13) is sixty feet in length the 
cost in decimals of a day's labour of forming such an 
embankment per cubic yard will be : — 

Embankment Laboub Table. 

Excavation and filling . . , . « -0666 to -0833 

Pick work in heavy ground • . . « -0333 to -0416 

Levelling and work on embankment . -0333 to '0416 

Wheeling soil 30 yards mm , . . -0133 

Total cost per cubic yard • • -14 to '18 

If the embankment is to be turfed, the cost of the 
labour per square yard in decimals of a day's work will 
be: — 



Digitized by 



Google 



THE EMBANKING OF RIVERS 



77 



TuBPiNo Labour Table. 

Paring turf and placing in barrows . 
Wheeling 20 yards run (each) . 
Laying turf 

Total cost per superficial yard . 



•0833 
•0133 
•0833 

•18 



If the turf has to be brought from a distance, the 
number of 20 yard runs in the total distance x "0133 
is the decimal labour reading for wheeling. 

The next question is the construction of jetties, the 
protection of curves, and the alteration of direction in 
an embankment. 

The latter had better be taken first, as reference 
may have to be made to it here in actual practice. 

Fig. 14. 




Inasmuch as a particle striking a plane surface has 
a tendency to fly oflf at a tangent, and the path of a 
moving body, when deviating or if deviated from a 
straight line by gravity is in the form of a parabola, it 
is clear that to deviate a stream by means of an em- 
bankment and secure the minimums of pressure on 
the face of it, the curve of the embankment should be 
parabolic and the new direction to be taken by the 
stream should be at an angle tangential to that curve. 
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This is done thus, by the theodolite or by mensuration 
on the plan, Fig. 14. 

To draw a tangent to any part of a parabola, make 
c D = B C and join da; d a is the tangent. 

To construct a parabola, make P = 2 h and divide 
the sides of the triangle into any even number of equal 
parts, join cuij 66, cc, &c. ; the lines will be tangents to 
the parabola. 

The Construction of Jetties. — ^A jetty, if carelessly 
erected, undermines the opposite bank lower down the 
river. It should never be used at a convex bend of 
the river, only at a concave bend ; it should represent 
the least structure that will just deflect the incoming 
current to the centre of the river, and no more, for the 
reason first stated. 

Temporary deviations may be effected by 3 to 6 
piles driven into the river bed and projecting in a line 
in a direction the angle of which shall be a tangent 
to the angle formed by a line representing the direc- 
tion of the incoming current against the bank to be 
defended, and the direction of the centre of the river 
lower down, represented by another line, or the curve 
may be piled to represent a parabolic curve. 

Permanent jetties are made of stone, with the 
usual slope given for dry stone pitching, as regards 
their face, of 8 inches thick at the top, increasing 3 inches 
per yard toward the bottom. The upstream face should 
be well turned into the land to prevent the current 
working in behind it. They are used to protect 
curves. 

Eddies formed hy Jetties.— These are most danger- 
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ous to cattle, and are solely the result of the angle at 
which the jetty projects into the river, approaching too 
near a right angle to the direction of the incoming 
current. The ultimate result is to undermine the 
whole jetty. 

An eflFective protection to curves is the cultivation 
of water lilies and such aquatic plants, more so than 
generally recognised. The protection of banks by means 
of fascines, planting of willow slips, &c., requires no 
explanation ; it is rarely a permanent work. Shallow, 
swift, minor streams, may be effectually dealt with by 
using 18-inch earthenware drain pipes 3 to 4 feet long, 
filled with concrete or stones, in place of short piles. 
A stake should be driven through them if used in the 
centre of the stream. 

Sea cmd Tidal Defences, — These are of two kinds: 
ordinary precaution defences against unusually high 
spring tides with an on shore wind to aid them; or 
defences against encroachments ; the larger and more 
extensive works consist of reclamations from the sea 
itself, and the construction of sea walls to protect such 
reclamations where the walls are exposed to the full 
fury of the sea. 

The former class may be disposed of by observing 
the general principles of embankment previously ex- 
plained. The embankments should be proportionally 
wide to the pressure they have to stand, and protected 
from the stripping action of the tidal current along 
their face by stone groins, or, if shingle of a suitable 
quality be at hand, by preference concrete blocks not 
less than 2 feet in length, by 1 foot in breadth, by 9 
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inches thick may be used to construct these groins or 
projections into the sea. These only protect five times 
their length, therefore short groins are to be avoided. 
The battering force of the waves must be borne in 
mind in constructing them. 

Groins are by far the most eflScient protection 
against also the undermining action of the sea, on 
earthen sea embankments especially. It will be noted 
that their action is to interfere with and obstruct the 
passage of sand and shingle along the face of the wall. 
That side of the groin running out to sea that is exposed 
to the current will ultimately be filled up level to its 
top with shingle, and thus by raising the level of the 
ground in firont of that part of the defence it still 
further adds to its efficiency. 

An earthen embankment should have a sear-fiice 
sloped at 3 to even as much as 12 to one. Its top 
should be not less than 7 feet above high water at full 
and change of the moon — i.e. at spring tides. 

Stone defences may slope 3 to 1 to 6 to 1. 

Beclamations of land and the construction of sea 
waUs require the supervision of an experienced en- 
gineer, and a long series of observations are generally 
necessary before such operations can be attempted in 
a manner likely to repay the owner. In constructing 
back or low-level drains, the main drain should be 
excavated to such a depth that when the tidal outfall 
is closed, as at high tide, or if relieved by pumps during 
repairs, the main drain may become a reservoir. To 
secure this it must be deep enough and wide enough 
to receive a continued rainfall on the whole area drained. 
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Without rising to a point that will block the outfall of 
the main land drains emptying into it. It may, if on a 
large scale, be wise to construct such a main drain as 
will admit of the use of a power dredge. 

An instance of low-level drainage and its results is 
the Eau Brink Cut. Mr. Q-. Rennie, the engineer, carried 
out the scheme in 1825. Its object was to lead the 
water of the river Ouse from Eau Brink, direct across 
the marshes to Lynn, a distance of 2^ miles, instead of 
their flowing by a circuitous channel of over 5 miles 
in length to Lynn ; the cost was, for this operation, 
600,000?., spread over a drainage area benefited of 
250,000 acres. 

The effect was to greatly improve the land, so that 
about 150,000 acres of this area bore the cost of the 
Middle Level Drainage Works, or 410,000L 

These latter works lowered the water six feet 
throughout the level. 

Outfalls in tidalrivers subject to seger orbore require 
that the maximum height of the crest of the ascending 
tidal wave should be estimated as the lowest out- 
fall level. The operation of warping in reclamation 
is well known, and needs no description. The outfalls 
should be provided with grates to prevent salmon 
ascending, which cannot be tampered with. The Con- 
servators of the Fishery District can be called upon to 
do this. (Refer to Fish Grates, 1873, Salmon Act, 
Vic. c. 36 and 37.) 
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CHAPTER VII. 

HOUSE DRAINAGE AND DISPOSAL OF SEWAGE. 

On the Modem Principles of Sewerage, with detailed Instructions 
for the Treatment of Old Drains and Cesspools with a view to 
their Removal, and Particnlars for the Complete Sanitaiy System 
of a House or Group of Cottages. 

There are two systems by which the sewage of a house 
may be disposed of. One by means of a properly con- 
structed outfall drain; the other by delivery into 
cesspools. The latter system, though continually 
practised, is the most fertile source of disease, and the 
cause of most cases of polluted water-supply ; it is in 
every way objectionable from an engineering and sani- 
tary point of view, without one single feature to recom- 
mend it. To describe it would be to perpetuate the 
practice, therefore, suffice it to say, that where it is 
practised ventilation must be freely admitted into 
the main drain, and the cesspool itself if possible 
ventilated by an open grating on the top if situated at 
a sufficient distance from the house to ensure that it 
will not be a nuisance. 

But where cesspools iire already in use, the precau- 
tions which are necessary to minimise the danger of 
disease arising from th^ escape of their contents are as 
follows : — 
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1. They should be built of brick in hydraulic mor- 
tar or cement. 

2. The foundation for the brickwork should be 
secure from subsidence. 

3. They should be especially well ventilated, and 
thoroughly watertight. 

4. They should be regularly emptied at stated 
periods, instead of being provided with overflow ac- 
commodation. 

5. The storm-water drainage system should have 
no connection with the cesspool or its system of drains 
in any way whatever, neither should the waste from 
sinks or overflow from cisterns within the house be 
connected or permitted to flow into the cesspool ; the 
waste from such sources should be turned into the 
storm-water system. 

These precautions do not constitute a certificate of 
efficiency or a guarantee against disease or contamina- 
tion of water-supply ; the system of cesspool drainage 
is liable at any moment to fail, unknown to the inmate? 
of the house, whilst if it does not fail it provides a 
condition of atmosphere within the cesspool and its 
connections that is eminently conducive to the nutri- 
tion and support of microscopic organisms, and such 
low classes of animal life as are inseparable from condi- 
tions of the air where fermentation and putrefaction 
are at work in a closed vessel. 

The principle recommended for the drainage of a 
dwelling house, and one that cannot fail to ensure the 
utmost freedom from sewer gas, is as follows : — 

In the first place, dealing with the type of water- 

a 2 
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closet to be used within the house : that type known 
as Underhay^a patent is the only one that experience 
has justified as being reliable and efficient. 

The main sewer is used solely for sewage and stable 
drainage. It should be ventilated by a 4-inch iron 
pipe carried up the side of the house, and standing 
2 feet clear above the chimney it is finally attached 
to ; the sewer should be not less than 9 inches dia- 
meter, of glazed earthenware pipes with collars laid 
in clay and jointed thoroughly with well-rammed clay. 
When the main sewer exceeds 18 inches, earthenware 
pipes should be dispensed with and a properly curved 
brick sewer laid in hydraulic cement substituted. 

The storm-water collected over the area of the 
back yards, down-spouts, roofs, garden grounds, and 
kitchen garden, if adjacent to the house, should be 
carried oflF by a separate storm-water drain thus. 

The main sewer proceeding from the house is to be 
carried on to a point 30 yards from the house, where it 
is to discharge into a man-hole, laid in cement, and the 
bottom made thoroughly water-tight with cement. 
Into this man-hole the main storm-water drain is to be 
turned with an S trap thus (Fig. 15). 

Here a, the dotted line, represents the sewer from 
house, provided with a ventilating pipe, trap and in- 
gpection shaft close to the outside wall of the building. 
It crosses the yard obliquely to the large man-hole M, 
which is ventilated by the pipe indicated by a waved 
line to V. BB are two storm-water drains, one from the 
gardens, the other being the discharge of down-spouts 
and the water from carriage washing, &c., in the stable- 
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yard at the grating G. Both are trapped at the man- 
bole and the grates also must contain a trap. The 
other sewer a is the stable drain, also provided with a 
trap and man-hole at m. 



Fig. 15. 




KITCHEN 
GARDEN 



8 t\a B L E yard 




Plan. 

The eflfect of this arrangement is that all the 
sewage from both house and stables arrives immed/iately 
at the large man-hole M. The storm-water, cistern 
overflows, and stable water (of which there is usually a 
good deal) dilute and carry oflf this sewage, and in wet 
weather the sewer is thoroughly cleansed. No gas 
from one system can penetrate the other, and by occa- 
sionally turning the fire hose down one of the closets 
the whole sewer is freed. If a separate system for the 
storm-water is required at any time it can be eflfected 
economically, whilst the carrying power of the sewer may 
be augmented by duplicating the system. The outfall 
of the sewer at the extreme end should be into an 
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open reservoir, lined with brick and cement; the 
sewage may be utilised as liquid manure, or for floating 
the field in which it is situated. If exposed to the 
air there is very little nuisance ; it may be planted 
round with coniferse and form a small cover if neces- 
sary. If there is a considerable quantity of the sewage 
to be dealt with it may answer to deal with it on the 
ABC process as exemplified at Aylesbury. For a small 
village or group of cottages this process is essentially 
satisfectory in every sense. 

In ventilating a sewer, there must be more than 
one pipe erected ; the pipes should be of diflferent 
heights, and along the line of the main sewer one in 
every 300 feet is ample. 

In every respect the instructions for laying main 
drains, laid down in the chapter on Levelling and Drain- 
ing and Rainfall, should be first studied. The fall for 
the sewer should be considerable, say not less than 
1 inch in 18 feet as a minimum. 

From the commencement to the completion of the 
work, a superintendent should be constantly employed 
supervising the work on the part of the owner. Of 
late years there has sprung up a class of man who calls 
himself a ' sanitary surveyor or engineer.' On inquiry 
he generally proves to be an agent for a firm who 
manufacture sanitary appliances, who possesses no 
scientific or even technical knowledge. His profession 
is to take advantage of every epidemic to puflf his 
waxes. It is high time, in the interest of the public 
generally, that a standard Government examination 
should be held by a board of members of the Institu- 
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tion of Civil Engineers to grant certificates of compe- 
tency to engineers and surveyors, which the public may 
ask to see before committing themselves to the tender 
care of the * sanitary inspector.' A few more words 
may be said on this point in regard to the alleged pro- 
perties of filters. 

The most economical and satisfactory plan is to call 
in a competent engineer who possesses the necessary 
diplomas to advise as to the general system most 
suited for the purpose, and let his report and plans, 
with their sections to show the rate of fall, be entrusted 
to the agent or clerk of the works. 

Many agents are fiilly competent to execute sewage 
works, but they have not the time to devote to it, and 
in most cases it will be wise to allow the engineer to 
appoint a superintendent to relieve the agent of the 
necessity of constant attendance. 

The principal sanitary points to be observed to 
secure good drainage are these : — 

Natural streams should not be arched over and then 
converted into main sewers. 

The greatest attention and care is to be exercised 
in making joints thoroughly gas and watertight. 

Closets should always if possible be built against an 
outside wall ; they should have an ante-room to them 
well ventilated to the outside air, and thus cut them 
oflf from the internal communications of the house. 
Down-spouts to carry oflf the water from the roof should 
always discharge into a trapped catch basin with a 
space of 6 inches from the end of the spout to the 
brickwork or grate formiiig the basin. Then they can 
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always be tested to see if they act, and do not connect 
with any drain. The laying of drains under the house 
is objectionable, but if absolutely necessary, they 
should be laid in concrete. 

Traps should contain a column of water of not less 
than 8 inches in height. 

All brickwork to be laid in Portland or hydraulic 
cement not less than 1 to 3 of sand well washed. 
Before filling in the storm-water and other drains, 
their efficiency should be tested with water, and the 
gas traps tested by blowing sulphur fumes into the 
main sewer; no smell should be perceptible at any 
storm-water grate or in the closets. Oil of peppermint 
may be substituted. In this case the oil is diluted and 
the whole poured down a storm-water grate. The tops 
or flags closing the man-holes should be cemented down, 
and 8 to 12 inches of charcoal the size of a walnut 
spread over them, before covering over with soil. 

The calculation of the size of the pipes, taking 
6 inches as the minimum for sewer pipes and branches, 
will be based on the chapters devoted to Eainfall and 
Drainage. 

The soil pipe of the closets should be carried to the 
roof and a ventilator attached. It should be of lead, 
not less than 4 to 6 inches diameter ; the curves to be 
all parabolic. The soil pipe should be well supported 
as well as secured, to prevent it drawing out by its 
own weight, every 10 feet. 

A free and sufficient supply of water to be allowed 
to flush each closet, not less than 2 gallons each time 
the closet is used. 
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Rerd/raining. — A few special precautions are to be 
taken in re- draining a house previously drained on the 
cesspool system. In following up the main drain, all 
earth that is the slightest discoloured to be thrown out 
and carted right away ; every branch joining or cross- 
ing the main drain is to be followed up, dug out, and 
similarly treated. Cesspools to be emptied, and their 
bottoms dug out to the clean soil, well limed and filled 
in with clean earth, but by preference concrete. (Care 
to be taken that when empty they do not collapse in- 
wards and bury the men engaged.) After first opening 
cesspools it is advisable to stir their contents and leave 
them for a few hours to give oflF their putrescent gases, 
&c., before commencing to empty them.' The excava- 
tions, after the pipes are taken out, are to be filled in 
with clean earth carted in diflferent carts to those that 
remove that excavated. The bricks lining the cesspools 
are not to be used for any building purpose at any 
future time ; they should be broken up for use on the 
roads of the estate, or in gateways on the forms. 

It is always to be recognised in drainage operations 
where sewage is concerned that a very small leakage 
from a drain may pollute a whole water-supply and 
water-bearing strata. The writer has frequently found 
wells regain their purity after cesspools and their de- 
fective connections had been removed, but two or three 
years must first elapse, and the water should not be 
drunk without a chemical analysis being first obtained 
of it. Be-drainage is generally better than sinking for 
a piure supply of water in such cases. 

*■ ISee tables of brick sewers and earth work in Appendix. 
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Messrs. Walter Maefarlane & Co., Glasgow, have in 
stock every description of iron-trapped grate and sani- 
tary fittings, and make a speciality of such work. The 
locality of the work will of course govern the con- 
tractor's price; the better way is for the engineer to 
order all such traps, &c., and allow the contractor upon 
them ; the type most suited to the work can then be 
procured; the landed proprietor is again cautioned 
against patent ventilating cowls, &c., and recommended 
to consult an engineer of recognised ability. 

The plan of the drains should be of a scale of 
1 inch =10 feet ; the sewers coloured red, and storm- 
water drains blue ; every trap, man-hole, siphon, venti- 
lator, down-spout, grate, or other connection should be 
shown; the rate of fall should be marked in. The 
tenant, if any, should also have a copy of the plan. 
Additions and alterations should be marked up as made, 
with date of every alteration clearly indicated on the 
plan. 

The ABC Process of treating Sewage. 

Experience at Aylesbury and Leeds has shown that 
this simple and effective process of purification by 
chemical precipitation is eminently adapted for villages 
and groups of cottages. It is in those localities that 
fever is bred, and spread by want of common precautions 
at the Board school. Can anything be more disgusting 
than the ordinary sanitary provisions of a group of 
cottages ; and what so unnecessary ? In this process 
after purification in the tanks the effluent water is 
discharged into the nearest stream, being pure within 
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the requirements of the Rivers Pollution Act. For an 
annual payment of from Is. to Is. 3d. per head of 
population the' sewage may thus be satisfactorily dis- 
posed of. At Leeds thirteen million gallons of sewage 
are thus treated per day, the cost of purification being 
per million gallons, IL 6s. 9Jc2. The effluent analysis 
is as follows : — 

Geains pkb Gallon. 





Standard fixed 
by the Rivers 
PoUution Act 


standard fixed 
by the Thames 
Conservancy 


In solution. Aptiial ammonia 1*20 
Organic nitrogen or albuminoid 
ammonia .... 0-14 

Total nitrogen as ammonia 1-34 
Chloride of sodium . . .11-79 
Mineral matter . . . 64*54 
Organic „ . . . . 4-69 

Total solids in suspension • 69*13 
Organic carbon . . .0*92 
Mineral matter in suspension . 0*22 
Organic „ „ . 0*32 

Total -64 


No standard 

0*21 

No standard 
»» 
f> 

M 

»» 

1*40 
210 
0-70 

2*80 


No standard 

0*76 

No standard 
»» 

»» 

100 00 
200 
1 No 
) standard 

6*00 



The products of the process are in the form of an 
artificial manure which takes less than 21. to produce 
by the purifying process, and which experience shows 
has an agricultural value of 3^. lOs. per ton. Thus, by 
experiments conducted at Crossness, its efifect is realised. 

Golden Dbop Wheat. 

Yield in bushels per acre 
Native guano 16 cwts. per acre, 6 lbs. 4J ozs. 66*2 

„ 10 „ „ 6 „ IJ „ 64*6 

None . . . . „ 2 „ 14 „ 25*7 
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Black Tabtabt Oatb. 

Tield in bushels per acre 
Native gnano 15 cwts. per acre, 6 lbs. 8 ozs, 58*3 

Nognano S „ 14 „ 34*7 

The yield is given on patches 9 yards square and 
per acre at that rate of yield. 

The tank room should be sufficient to accommodate 
15 hours' flow of sewage. 

In the case of private houses such as schools, or 
large public buildings such as are maintained in every 
county for lunatics, this process is doubly useful, as, 
whilst dealing with the sewage, it also provides an 
efficient manure for neighbouring farms supplying their 
produce. In this case or in that of a group of cottages 
the following plan should be adopted to save pumping 
by a gravitation system of flow. Each tank should 
contain 24 hours' flow of sewage, and the two tanks 
should be worked alternately. The sewage should 
be sold as removed from the tanks ; it probably would 
not pay to dry it. The chemicals which are added to 
the sewage during treatment in the tanks renders this 
sludge quite inodorous, so no nuisance is caused and 
hardly any labour required. Wellington College is an 
instance of the system on a small scale ; Aylesbury is 
provided with a considerably larger system ; in Leeds 
is an instance of its application on a very large scale. 
The works of the Company are at Aylesbury, so that it 
can there be seen in operation. The treatment of the 
Leeds sewage is an excessively difficult question on 
account of the numerous dye works and manufacturers' 
waste products that enter the sewers j but the cost has 
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only averaged about 11. 17a. per million gallons puri- 
fied, for the necessary chemicals such as alum, char- 
coal, and the other ingredients that constitute the 
treatment of the sewage. In my opinion it is without 
question an eflfective way of dealing with sewage, and 
I can conceive no place in the world that would benefit 
from its process so much as Australia, where drainage 
and sanitary matters generally are very primitive, and 
where the products might be so valuable on the poor 
sandy soils met with there. In England its application 
to those hot-beds of illness in the shape of groups of 
cottages should engage the attention of the landowner ; 
and the well-known structure, offensive both to eye 
and nose, that is always to be seen in a cottage garden 
should be improved out of sight. The present arrange- 
ment referred to is a disgrace to the landlord and 
tenant alike, and a reflection on the responsible sani- 
tary authorities. How is it possible for non-polluted 
water to be got with such an arrangement ? When the 
holes dug, over which these structures stand, are full, 
a fresh site is often chosen, the ultimate result being 
that the garden becomes one mass of cesspools, the 
existence of which is unknown. So much is said in 
the present day about * sanitations^ and such nonsense 
talked about the ideal labourer who is going to pay 21. 
for a water filter, which represents itself to his mind as 
some 500 glasses of beer the less in money value, that 
the writer may be excused for saying that the present 
cottage sanitary arrangements are antagonistic to all 
' social improvements and temperance ; and that before 
you can persuade a working man of the eflBcacy of pure 
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water you must be in a position to produce the article, 
and before self-respect is expounded to him, he should 
have the means of exercising it. But improved drain- 
age and thereby pure water costs money. Let the 
landlord, then, execute the work and charge his Is. 3d. 
a head on the rent, or if in a village of some extent let 
a local Gas and Drainage Co. be formed. The present 
injudicious agitation against the owners of cottage^ in 
the country effects nothing, but exasperates the owners, 
who are blamed en masse for not laying out capital to 
improve the condition of a class who cannot afford, or 
at all events do not pay an increased rate for an in- 
creased benefit, a commercial maxim too apt to be 
overlooked by those illusionists who use the meetings 
of congresses and conferences to base an attack upon 
all owners of cottages and estates, because they do not 
appear too eager to pay heavily in depressed times for 
what after all is but the illusionist's hobby. It is one 
thing to propose improvements and distinctly another 
to have to pay for them. Cottages in England have 
greatly improved in the last thirty years ; a system of 
drainage in place of what exists is required. The 
ABC process is in eflfect the very system for the 
purpose ; the cost being Is. Sd. per head per annum, 
the problem is set at rest by the introduction of an 
Act empowering a landlord to carry out the work and 
rate those benefited. Where the hitch lies in cottage 
improvements is that experience has taught land- 
owners it does not pay. But what we do most strongly 
condemn is the ever-increasing practice of men with 
neither technical, special, or indeed any knowledge of 
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the subject, making abuse of landowners a step-ladder 
to notoriety. It is my experience that disastrous 
results have followed such idle talk, and clergymen of 
parishes cannot learn too soon that the land agenfs 
office and not the platform is the proper place to urge 
improvements to raise the social condition of the 
cottagers in his parish ; and that whilst sanitary know- 
ledge and the wants of everyone have greatly increased, 
the landowner's income and security for it has greatly 
diminished, and that in considering the interest of one 
class to abuse another can advance the interests of 
neither. Calm and dispassionate discussion with the 
agent is the more dignified way of dealing with these 
matters and the most likely to achieve the end. The 
cost and means are described here. 
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CHAPTEB Vm. 

WATER SUPPLY AND FILTRATION. 

On Water Supply, its Purity, and Tests for the same, and the Prin- 
ciples of Filtration, with Reference Tables of Consumption and 
General Details of Water Supply Service. 

This is one of the most important questions. Modem 
science has revealed causes of impurity hitherto neg- 
lected, and the extensive engineering works that have 
of late years been executed have been the means of 
deciding many points in the filtration of water. The 
actual supply of water to a large house may be by three 
methods : artesian supply, by pumping and gravitation, 
and lastly by wells. The former method is entirely 
dependent on the geological nature of the ground; 
the two latter systems may not be as convenient as the 
former ; but, by a careful choice of site and depth, the 
quality and quantity of water may be secured as effec- 
tually as by the artesian supply. Failing these sources 
of natural supply, river water may be utilised. 

Artesian bormga ^ maybe projected with prospects of 
success when the following geological conditions exist : 
if the water-bearing strata has its gathering ground 
at a considerable elevation above the spot where the 

> See section of strata of London clay basin, Fig. 22. 

*H 
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boring is to be commenced, and is covered by an im- 
pervious stratum, the water, on piercing this layer, 
will rise up to a height nearly level with that of the 
gathering ground. The preliminary survey in such a 
case should be entrusted to the care of an experienced 
engineer. The system by pumping and gravitation is 
the most common. In this case, a suitable supply of 
water having been found, it is pumped by hand, steam, 
or hydraulic power into a tank or water tower, con- 
structed on some rising ground some 100 feet above 
the roof of the house to be supplied. The pipe that 
conducts the flow of water from the well to the tank is 
termed the * rising main ' in contradistinction to the 
* service main ' or supply from the tank to the house. 
The mains should be of such a diameter as shall 
provide sufficient flow, and leave a margin for rusting 
up or furring inside. 

Cast-ibon Watbb Pipes. 



Bore in 
Inches 



3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

14 



Tliidcneas 
of Metal 



Depth of 
Socket 



in. 

3 

3 

3f 

3| 

Sf 

3} 



Thickness 
of Socket 



Packing 
Space 



in. 

i 



Weight per 
9 ft. Length 



cwt. qrs. lbs. 

3 24 

1 1 14 

1 2 16 

2 
2 1 


1 
1 





4 

4 

19 

16 



2 24 
2 24 



Weight of 
Lead Joint 



lbs. 

2-4 

3-6 

6(1 

8-2 

8-7 

9-9 

13-9 

14-9 

15-9 

17-2 

20-8 



NoTB. — The 9-foot length is taken from the end of one pipe to 
the end of the next when laid. 
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The preceding table is applicable to cast-iron water 
pipes proved to 400 feet head of water, to work at 200 
feet water pressure. 

The weight of such cast-iron pipes is got thus : — 
D = outside diameter of pipe in inches. 
E = inside „ „ „ 

w = weight per yard of pipe in lbs. 
w = 7-35 X D« — E* 
Two flanges = Jw in weight. 

The tank may be buried in the hill and arched 
over, or it may, if extra height is required, be placed 
at the top of a water tower. 

In the former case, more reservoir room is gene- 
rally obtained; four days supply without pumping 
should always be provided for. 

Hawksley's formula for the delivery of water in 
pipes in gallons per hour is to be applied to decide the 
proportions of the two mains, thus : — 

G = number of gallons in the house to be delivered. 

L = length of main in yards. 

H = head of water in feet. 

D = diameter of main to be employed. 

The size of the storage reservoir will be that figure 
or shape that is most suited to the ground, whose cubic 
contents are four times the quantity consumed daily 
in the house and stables. 

Its construction should be of brick laid in cement. 
If an ejnbanked reservoir, these points must be ob- 

H 2 
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served in forming the embankment. It is to be made 
of clay in layers, well rammed, and should contain a 
* puddle wall ' or watertight partition of a thickness of 
one-third the total height, at the base. The slopes are 
to be turfed, but no trees or shrubs planted anywhere 
near or on them. 

The supply or service main should have a sluice 
valve set in a frost proof brick man-hole at its entrance 
to the reservoir, and again, one just outside the house 
itself, so as to cut oflF supply for repairs or accident, such 
as leakage. 

The service main will supply the water supply of 
the house for drmking purposed from one tank pro- 
vided with spongy iron filters as described later ; the 
hyd/rants and closet service will be from a diflferent 
tank, and unfiltered. Pressure gauges are to be at- 
tached to the drinking water supply and hydrants to 
show that all is in order. 

The course recommended is for the agent to make 
a calculation of the total number of gallons required 
daily, with a large margin in case of fire ; levels should 
then be taken and shown on a -^ Ordnance sheet. The 
sinking the wells and providing of machinery is essen- 
tially a thing requiring great experience, and no rule 
can be laid down here to guide, every case having to 
be treated on its merits. Messrs. Easton and Anderson, 
of Erith and 3 Whitehall Place, have executed many 
contracts of this nature for the writer, and for such 
work as water supply or hot-water service, the experi- 
ence they have gained in country mansions is a suflS- 
cient recommendation. 
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Well-sinkLng is an operation best entrusted to local 
contractors. Surface water must not be allowed to 
filter into the well. Especially is this liable to occur 
at cottages, if not seen to and provided against by 
lining in cement or puddHng. The mouths of draw 
wells should be closed. 

Causes of Pollution of Water Supply ^ and their 
Removal. — We have seen in the previous chapter that, 
except there be good drainage first, there cannot be a 
safe water supply. A polluted supply may be purified 
by filtration, but here again the filter may and does 
frequently fell. 

The causes of pollution to the source of a well are 
the presence of old cesspools, or defective drainage ; 
sur&ce water entering the well by percolation ; wooden 
fixtures left rotting in the weU or old wooden buckets 
left to rot in the water, and lastly organic life in the 
form of bacteria and hydatids. The latter is more con- 
fined to dirty tanks or ponds accessible to sheep. 

All drinking water should be filtered for use. Carbon 
filters, in the writer's opinion, are useless. In support 
of this, the writer may instance a case of severe out- 
break of diphtheria amongst the staflFon the construction 
of a line of railway on which he was employed, where 
carbon filters were in use as the ordy possible means of 
water supply. They do not remove albumenoid am- 
monia, neither is it removed by boiling. The quality 
of the carbon supplied in many cases is inferior, whilst 
its efficacy is greatly exaggerated and calculated to 
mislead in every way. Two classes of danger must be 
removed firom drinking water — ^the one, excrementary 
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products, the other the low organisms that exist in them. 
A class of the latter, called entomostracse, may be kept 
for several months in a weak solution of excrementitious 
matter. Is it to be maintained that the carbon effectu- 
ally removes such minute organisms ; can it be main- 
tained that it even removes albumenoid ammonia? 
The writer's experience is distinctly to the contrary. 
Here is a simple test for the eflScacy of water filters as 
regards such organisms. It is known as Koch's Gela- 
tine Test. 2^ per cent, of pure gelatine is to be heated, 
and when at a considerable temperature it is to be 
added to the filtered water to be examined. Firstly, 
the water appears as a gelatinous thick fluid at rest. 
Kept under observation for a day or two, in an hermeti- 
cally sealed glass flask, organic centres will develop 
which do not sink to the bottom. Each centre becomes 
a sphere of organic activity. In some cases the sphere 
may appear as an ovoid vesicle containing liquid ; in 
another day or two, a whitish grey deposit takes place 
in the spheres. This is to be removed by a suction 
tube (care being taken not to get any in the mouth) 
and examined under a microscope ; it will be found to 
be a living mass of bacteria, moving in a putrescent 
fluid. 

No chemical analysis will determine absolutely the 
existence of such organic life. 

The water, after filtration, must not be exposed to 
the infective influence of the atmosphere. Suffice it 
to quote the report of the Statistical Sanitary Committee 
of the Prussian Army, 1874 to 1878. Speaking of 
Bischoff's spongy iron system, it says : ^ The improve- 
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ment of the water is unquestionably greater than by 
any other known system.' 

For house supply, the spongy iron system is in 
every way most suited to the purpose, on account of 
the freedom from cleansing ; the material requiring 
removal after periods of 1 to 3 years. For farm and 
cottage filters it is very useful. It is an undoubted 
fact that spongy iron is most destructive to low 
organisms. Mr. W. Anderson's valuable paper on the 
subject (vol. Ixxii. Session 1882-83, part ii., 'Pro- 
ceedings of the Institution of Civil Engineers '), giving 
his experience in the Antwerp waterworks, confirms 
this. It may be safely concluded that it is the most 
fatal form of filtration to bacteria. 

The power or means to fill the reservoir may be 
estimated from the tables given for steam and hydraulic 
engines. Gas and hot air may be employed in such 
instances where it is already in use. 

The estimated power required to raise water from 
deep wells must be so proportioned as to leave a con- 
siderable margin for ultimate extension of the supply. 
Power Table fob Deep Wells. 





Maximum Depth from which this Quantity can be 
raised by each Unit of Power 


Diameter of 

Pump-barrel 

in Inches 


Gallons of 

Water raised 

per Hour 


One Man 

Turning a 

Crank 


One Donkey 

Working a 

Gin 


One Horse 

Working 

a Gin 


One Horse- 
power 
Steam Engine 


2 

I' 


226 
360 
620 
700 
900 


80 
60 
36 
26 
20 


160 

100 

70 

60 

40 


660 
360 
246 
176 
140 


880 
660 
386 
276 
220 
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The depths are given in feet. The type of pump 
is the double-action lift and force pump. 

Where a &11 of water is obtainable of some volume, 
a turbine (or an hydraulic ram) is the best means of 
driving the pumps, which should then consist of a set 
of horizontal three-throw pumps. The ram raises water 
direct without pumps. It should be well protected 
from the frost. Turbines are made for both high and 
low pressure, and to work flooded. 

The power of the hydraulic ram is thus calculated. 

Q = quantity in cubic feet per minute of 

water used. 

H = head of water in feet. 

p = eflfective horse-power. 

881 P 
Q = 

H 
p = -00113 QH. 

In practical eflFect -irth of the water may be raised to 
about four times the height of the supply, or head ; yV^h 
eight times, and -^^th sixteen times, and so on. 

The effective horse-power for different motors with 
water is : — 



Theoretical power being supposed . 


. =1-00 


Undershot water-wheel 


. = -35 


Poncelet's „ 




« -60 


Breast wheel 




= -55 


High „,.... 




= -60 


Overshot wheel .... 




= -68 


Turbine 




= -70 


Hydraulic ram raising water 




= -60 


Water pressure engine 




= -80 



In the following chapter a table is given of nominal 
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horse-power for one foot fall for the three types of water- 
wheel and turbine. 

The operation therefore of water-supply, to be 
carried out eflfectually, consists in first estimating the 
quantity required per 24 hours ; the height to which it 
is to be forced must next be decided by level; the 
power to be used is then got. On these data a well 
may be sunk, but that part of the system is best en- 
trusted to the engineer. To describe the process or to 
lay down rules would be impossible here. 

The hard/aess of water ^ if excessive, is best removed 
by Dr. Clark's method. 

This is due to an excess of bicarbonate of lime in 
the water. It is easily removed by adding to the water 
an amount of lime equal to that already present as 
bicarbonate of lime. The added lime combines with 
one half of the carbonic acid, the result being that it 
becomes chalk itself and reduces the bicarbonate to 
chalk also. Each gallon of water weighs 70,000 grains, 
so that in speaking of the degree of hardness of water, 
it means the number of grains that are formed as chalk 
in a gallon of water. Water of 5° to 7*^ of hardness is 
soft, 12*^ to 13*^ would be very hard. 

In pumping with a horse and gin, sometimes the 
machinery overruns the horse if he stops suddenly. To 
prevent accident occurring from this, Messrs. Nicholson, 
of Newark, have a very excellent arrangement of safety 
gear that cannot get out of adjustment. Some arrange- 
ment of this sort should always be attached to a gin. 

Filtration for impurities, as previously shown, is 
best effected by the spongy iron process. 
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A very useful form of pump is that constructed by 
Legrand and SutcKflFe, of London, and known as the 
' Abyssinian tube well pump.' * Where existing wells 
near farm-houses are polluted, or to supply a group of 
cottages or stock, these pumps should be tried before 
sinking a well, if the water-bearing strata are fairly 
accessible at no great depth. Small 3-gallon spongy 
iron filters are best suited for cottages. I have not 
found it to be, as urged, that cottage tenants will not 
use theip ; on the contrary, they have been very glad 
to have them. It is their first cost that they cannot 
pay. Sick clubs might well see to this point, and pro- 
vide filters to their members at half cost. 

* See note in Appendix, * Screw tube pumps.* 
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CHAPTER IX. 

HYDRAULIC POWER— SLUICES, TANKS, AND PIPES. 

On Water Power, Hydrants, Hose, Tanks and Pipes— Soft W^ater 
Reservoirs and Hydraulic Lifts, with Hydraulic Pressure Tables. 

The hydraulic power of a stream is calculated by esti- 
mating the weight in pounds of the number of cubic 
feet supply of the stream per minute divided by 
33,000. The result is called the nominal horse-power 
of the water. The * duty ' performed by the machine 
actuated is the eflFective horse-power. The latter sub- 
tracted from the former is the amount of power lost 
and absorbed by friction. The duty of a properly 
erected water-wheel is about 60 per cent. The accom- 
panying table shows, from the experience gained from 

Table op Watbe-whebls. 



FaU 


Cubic 

Peet 

required 


Dia- 
meter 


Breadth 


Depth of 
Bucket 


Speed of 
Periphery 
per Minute 


H.-P. 


Breadth 
and Pitch 

of Teeth 
in Inches 


26-6 
16-6 


2,760 


ft. in. 
66 
28 
20 


ft. in. 

6 

13 

17 


ft. in. 
1 
1 10 
1 8 


229-2 


60 


10x3| 
12x3j 
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water-wheels constructed by the late Sir W. Fairbaim, 
C.E., the proportions of water-wheels with some results 
obtained. 

Power derived from water-wheels is very frequently 
applied to pumping ; for driving machinery it is excep- 
tionally useful, on account of steadiness. 

To obtain the hydraulic power of the stream, if very 
small in volume, or if it is a mountain stream which is 
liable to come out after rain, and in a dry summer go 
in to nothing hardly, it is desirable to form an accumu- 
lating reservoir at one or two places, to collect the flood 
water and store it ; by this means a very small stream 
may be impounded to yield a continuous supply of 
power tx) drive an hydraulic engine or turbine. The 
power, of course, must be calculated from the height of 
the water in the lowest accumulating tank, not from 
the head of water given by the stream. The necessary 
storage capacity can be got by studying the rainfall 
and by gauging the stream ; the longest consecutive 
drought being the point to ascertain; the average 
weekly quantity of water required for power must then 
be got, and the two compared. • 

The following table will give the nominal horse- 
power for one foot of fall for different discharges. To 
use it, add together the number from the column 
applicable to the case opposite the several nimibers 
making up the run or volume of the stream. Multiply 
their sums by the several feet of fall, the answer is the 
effective horse-power of the mill : — 
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Table of Nominal Hobsb-powbb pbb 1 Foot Fall op 
Watbb. 





Sffectiye Hone-power 


Discharge of 

Stieamper 

Minute 


Nominal 
H.-P. 


Undershot 
Wheel 


Breast Wheel 


Overshot 
Wheel 


Turbine 


6 


•0096 


•0033 


•0062 


•00615 


•0071 


10 


•019 


•0066 


•006 


•012 


-0142 


16 


•028 


•0099 


•015 


•018 


-021 


20 


•038 


•013 


•020 


•024 


•028 


25 


•048 


•016 


•026 


•031 


•036 


30 


•057 


-020 


•031 


•037 


•042 


35 


•066 


•023 


•036 


•043 


•050 


40 


•076 


•026 


•041 


•049 


•067 


45 


•086 


•030 


•046 


•055 


•064 


60 


•095 


•033 


•052 


•061 


•071 


65 


•104 


•036 


•057 


•068 


•078 


60 


•114 


•040 


•062 


•074 


-085 


65 


•124 


•043 


•067 


•080 


•092 


70 


•133 


•046 


•072 


•086 


•099 


76 


•142 


•060 


•078 


•092 


•106 


80 


•152 


•063 


•083 


•098 


•113 


85 


•161 


•056 


•088 


•104 


•121 


90 


•171 


•059 


•093 


•111 


•128 


96 


•180 


•063 


•098 


•117 


•135 


100 


•190 


•066 


•104 


•123 


•142 


• 200 


•380 


•130 


•208 


•246 


•284 


300 


•570 


-200 


•312 


•369 


•426 


400 


•760 


•260 


•416 


•492 


•668 


500 


•950 


•330 


•520 


•616 


•710 


600 


1140 


•400 


•624 


•738 


•852 


700 


1-320 


•460 


•728 


•861 


•994 


800 


1620 


•530 


•832 


•984 


1136 


900 


r7io 


•590 


•936 


1017 


1-278 


1,000 


1-900 


•660 


1040 


1-230 


1420 



An ordinary mill will grind 1 bushel to 1*2 bushels 
per horse-power per hour. For connecting hydraulic 
pressure gauges, a table of pressures is also given. It 
may be applied to steam engine gauges also. It will 
be found necessary also in the construction of tanks, 
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&c., and in the calculation of pressure on hydrants and 
pipes. 

Mercury and Water Colijmn Pressure Table. 



Mercury 


Water 


Pressure 


Pressure 


Mercury 


Water 


Pressure 


Pressure 


Column 


Column 


per 
Sq.In. 


per 
Sq. Ft. 


Column 


Column 


per 
Sq.In. 


per 
Sq.Ft. 


Inches 


Feet 






Inches 


Feet 






•1 


•113 


-049 


7-07 


28-56 


32-39 


14-000 


2,016 


•2 


•226 


•098 


1414 


2900 


32-88 


14-21 


2,060 


•3 


•339 


-147 


21-21 


3000 


33-92 


14-70 


2,121 


•4 


•452 


•196 


28-28 


30-60 


34-71 


16-00 


2,160 


•5 


-565 


-245 


35-35 


3100 


35-05 


15-19 


2,191 


•6 


•678 


•294 


42-42 


3200 


36-18 


16-68 


2,262 


•7 


-791 


-343 


49-49 


32-64 


37-02 


160 


2,304 


•8 


•904 


-392 


56-56 


33-00 


37-31 


1617 


2,333 


•9 


1017 


-441 


63-63 


3400 


38-44 


16-68 


2,404 


1-0 


11306 


-490 


70-70 


34-68 


3933 


17-00 


2,448 


20 


2260 


•980 


141 


35-00 


39-57 


17-15 


2,474 


204 


2314 


100 


144 


3600 


40-70 


17-64 


2,645 


208 


3-39 


147 


212 


36-72 


41-62 


18-00 


2.592 


30 


452 


1-96 


282 


37-00 


41-83 


1813 


2,616 


40 


463 


200 


288 


38-00 


42-96 


18-62 


2,686 


408 


565 


2-46 


353 


38-76 


43-96 


19-00 


2,736 


60 


6-78 


2-94 


424 


3900 


4409 


19-11 


2,757 


612 


694 


300 


432 


40-00 


46-22 


19-60 


2,828 


70 


791 


343 


495 


40-80 


46-28 


20-00 


2,880 


8-0 


904 


3-92 


565 


42-84 
44-88 


48-59 


21-00 


3,024 


8-16 


925 


400 


676 


50-90 


22-00 


3,168 


9 


1017 


441 


636 


4500 


50-87 


22-05 


3,181 


10 


11-306 


4-90 


707 


46-92 


53-21 


23-00 


3,312 


10-20 


11-57 


600 


720 


48-96 


65-62 


24-00 


3,456 


11 


12-43 


6-39 


790 


5000 


56-63 


24-50 


3,535 


12 


13-56 


5-88 


848 


51-00 


57-83 


25-00 


3,600 


12-24 


1388 


600 


864 


60-00 


67-83 


29-40 


4,242 


13 


1469 


6-37 


919 


70-00 


7914 


34-30 


4,949 


14 


16-83 


6-87 


990 


80-00 


90-44 


39-20 


5,656 


14-28 


1620 


7-00 


1,008 


90-00 


. 101-75 


44-10 


6,363 


15 


16-96 


7-36 


1,060 


100-00 


113-06 


49-00 


7,070 


16 


18-09 


7-85 


1,130 


110 


124-34 


53-90 


7,777 


16-32 


18-61 


800 


1,162 


120 


135-67 


68-80 


8,484 


17 


19-22 


8-S4 


1,202 


130 


146-70 


63-70 


9,194 


18 


20-36 


8-83 


1.272 


140-00 


158 


68-70 


9,898 


18-36 


20-82 


900 


1.296 


150-5 


170 


73-78 


10,626 


19 


21-48 


9-32 


1,343 


159-3 


180 


78-12 


11,249 


20 


22-61 


9-81 


1,414 


168-2 


190 


82-46 


11,874 
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Mercury 


Water 


Presaure 


Pressure 


Mercury 


Water 


Pressure 


Pressure 


Column 


Goltunn 


per 
Sq.In. 


per 
Sq.Ft. 


Column 


Column 


per 
Sq.In. 


per 
Sq.Ft. 


Inches 


Peet 






Inches 


Feet 






20-40 


2314 


1000 


1,440 


177-00 


200 


86-80 


12,499 


21 


23-74 


10-29 


1,484 


194-7 


220 


96-48 


13,749 


22 


24-87 


10-78 


1,556 


212-3 


240 


104-16 


14,999 


22-44 


26-45 


1100 


1,584 


230-1 


250 


108-50 


15,624 


230 


2600 


11-37 


1,626 


247-8 


260 


112-80 


16,243 


24 


2713 


11-76 


1,696 


266-3 


280 


121-50 


17,496 


24-48 


27-76 


1206 


1,728 


283-06 


300 


130-20 


18,748 


2500 


28-26 


12-25 


1,767 


— 


320 


138-80 


19,987 


26 


29-39 


12-74 


1,838 


— 


350 


151-90 


21.873 


26-62 


3008 


13-00 


1.872 


— 


400 


173-60 


24,998 


27 


30-62 


13-23 


1,909 


— 


450 


196-30 


28,123 


28 


31-65 


13-72 


1.979 


— 


600 


217-00 


31,248 



Hydra/nta for fire extinction. (For Hose and its 
Care, see Steam Fire Engines.) These are openings at 
stated intervals along the fire main outside the house 
at which a length of fire hose may be readily attached. 
They should be placed at a distance from the building 
of not less than 20 feet. The hydrant supply or fire 
main should completely encircle the house and stables, 
and its diameter should be such as to allow three jets to 
be used firom it simultaneously. Messrs. Shand and 
Mason have constructed almost every description of 
arrangements, both of stand pipe and pillar hydrant.^ 
Frost is to be guarded against. It is most essential, 
and has been amply proved by experience, that force is 
everything in extinction of fires ; therefore, except an 
exceptionally large head of 100 to 150 feet can be 
obtained by water towers, or tanks on rising ground, 

• To preventrusting use the Bust Compound sold by Bradley and 
Bouidas, Chemists, Pont Street, Belgrave Square, London, W., as 
directed, for all such work. 
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or a combination of the two, hydrants are not a sufficient 
protection against fire in a country house. If an 
engine, steam or manual, be kept, care should be 
taken to adopt a uniform gauge of union for both 
engine and hydrant hose. The L.F.E. (London 
Fire Engines) hose is in 40 feet lengths, 2^-inch 
waterway, leather and copper rivetted, costing about 
7L 10s. a length. With proper care 30 years is the 
fair life of such hose. Hydrants must be allowed to 
flow freely at least four times a year, on account of the 
main becoming rusted up. A vertical rising fire main 
within the building, with branch mains to wings, and 
fire stations on every floor is advisable. A stop-cock 
should be provided at each branch to cut off the supply 
from any wing in case of leakage, and the same at the 
entrance of the main itself to the building. A pressure 
gauge should be attached in the wings and the main. 
The duty of some responsible person should be to read 
and note the gauges at sundown every day, lest the 
mains should be out of working order. The wing and 
other inside connections must be run off periodically. 
This is best done by attaching a length of hose and 
delivering out of the nearest window, ceasing when the 
water runs clean. Leather hose will stand 160 to 250 
lbs. pressure. 

TanJcs and Pipes. — Some observations may be 
made here with regard to the above. Iron tanks are 
in every way preferable to wooden tanks. Wooden 
tanks are not suited for water-supply when lined with 
lead. For small tanks galvanized iron is preferable. 
The weight of all forms of tanks should be well dis- 
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tributed on the supports. It may easily be obtained 
by the following : — 

1 cubic foot of water =6*24 gallons. 

1 „ „ weighs 62*645 lbs. or -557 cwt., 

or '028 of a ton. 
1 „ inch „ „ -03612 lbs. 

1 gallon „ 5? 10 lbs. or measures -16 

feet cube. 
1 cwt. of water = 1*8 cubic feet = 11*2 gallons. 

1 ton „ =35*9 cubic feet =224 gallons. 

Hydrauuc General Formula. 

p = pressure in lbs. per sq. inch. 

H = head of water in feet. 

V = theoretical velocity in feet per second. 

G =r force of gravity. 

p = H X -4335. 
H = P X 2-317. 

Pressure per sq. ft. = H 62-4. 
rx=32-2. 2g = 64-4. V29 = 8-025. 
v= A/2Gi =8-025 Vl. 

Sea Water. 

1 cubic foot weighs 64-11 lbs. 

1 „ equals 1*027 of fresh water in weight. 



then 
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Rainfall. 

Inches of rain x 2323200 = cubic feet per sq. mile. 
„ „ X 14^ = millions of gallons per 

sq. mile. 
„ „ X 3630 = cubic feet per acre. 

Large iron tanks must be securely stayed inside, 
and the rivets and stays examined before painting. 

If lead lining is used with wooden tanks, care must 
be taken with regard to weight that that of the lead 
is taken into consideration. In this case the wooden 
tanks must be strengthened with wooden partitions. 
Tanks for water-supply should be exposed to a fresh 
current of air and daylight. They should be easily 
accessible for inspection and cleaning, and in iio way 
connected with the water-supply of closets, A test for 
lead in water is to pour two drops of hydrochloric acid 
into a little of it. A white precipitate will fall, which 
will become black if a few drops of sulphuretted 
hydrogen solution be added ; the precipitate is first a 
chloride then a sulphide of lead. A reverse of this 
chemical reaction is a reliable test for sulphuretted 
hydrogen gas, or sewer gas. A strip of white blotting 
paper is soaked in solution of lead acetate ; it is sus- 
pended in the suspected drain pipe or closet. If it 
becomes blackened, it shows the presence of the gas 
by the deposition of the black sulphide of lead. Rain- 
water tanks occasionally become oflFensive. It is always 
desirable to throw in a few shovelfuls of animal char- 
coal to act as a deodoriser. 

The flow and return to hot water circulating tanks 
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for hot water apparatus is liable to become choked 
or reduced in waterway if only hard water be used ; to 
reduce this, one or two roof spouts may deliver into the 
hot water feed tank. 

Pipes. — ^The flow through pipes in gallons and 
the diameter required for a certain flow is calculated 
from Hawksley's formula, thus ; — 

G = gallons delivered per hour. 
L = length of pipe in yards. 
D = diameter „ inches. 



L 

By Neville's general hydraulic formula for cylin 
drical pipes the same results may be obtained. {Vide 
^ Molesworth's Engineering Formulae,' page 184.) 

To estimate tankage room and service pipes re- 
quired, provide as a minimum 



For each person . 


25 


gallons per day. 


99 


horse (in stables) . 


15 






99 


closet . 


2 






5> 


bath-room . 


50 






)5 


bath used 


4 






55 


waste . 


15 






55 


carriage (stables) . 


25 




55 


55 


„ 2 wheeled „ . 


10 




55 



The service pipes within the house should be 
protected from frost and provided with shut-oflF cocks 
in case of leakage. They should be numbered, and a 
corresponding plan kept of them for reference, other- 

z 2 
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wise the local plumber will probably connect a new 
closet water service on to the water-supply, or some 
such mistake will occur ; these will utterly negative 
the results anticipated from good drainage. 

Reaervovrs should hold 3 to 4 days' supply. The 
size of soft water reservoirs may be thus arrived at. 
The fall of rain over roofs in England may be taken 
at not less than 18 inches per annum. The area of 
collecting roofs is to be added together and the dis- 
charge calculated by the tables in the chapter on Bain- 
fall ; the reservoirs should hold twice to three times 
the amount. Details of pipes are given as regards 
bore and weight in the chapter devoted to Water-supply. 

Hydraulic^ Ooods, and Passenger Lifts. — It should 
be clearly understood that except a lift be a direct 
acting ram lift it is unsafe for people to use. Geared 
or hydraulic-mechanical lifts are only safe for luggage. 
The fire-main indoors may form the supply for such 
lifts. They act on the well-known principle of the 
hydraulic press. The cage should always be roofed 
with a proof plate of boiler iron. Of safety appliances 
to check the descent of the cage in the event of a 
broken chain, &c., I can only say they are one and all 
absolutely useless both in lifts and in the more serious 
case of coal mines. The overflow and exhaust from 
hydraulic lifts may be used to flush the sewer in dry 
weather. It must be most carefully trapped inside 
and out as well. 



Digitized by 



Google 



117 



PART n. 

ON MATERIALS USED IN REPAIRS AND CON^ 
STRUCTION, WITH INSTRUCTIONS FOR UTI- 
LISING LIMESTONE AND CLAYS. 



CHAPTEE X. 

LIME — MORTAR AND CEMENT — CLAY FOR BRICKS AND 
TILES. 

On Limestones — Tests for Quality — Lime Burning — and on the 
Preparation of Mortars, Hydraulic Mortars, and Cements— with 
Tables of Weights, Quantities, and Strengths — on Concrete. 

All stone in which carbonate of lime predominates is 
classed as calcareous stone, or limestone. 

Acids act upon limestones in proportion to their 
porosity. The harder sorts are suitable for building, 
but not where there is much smoke in the air. Of 
this class, that found in the coal measures or in the 
Lias formation forms a good and reliable stone for 
bridges and general building purposes ; the magnesian 
limestones found in the New Eed Sandstone formation 
above the coal, varies greatly in strength according to 
its compactness. It is desirable to exercise very great 
care in their selection for structures exposed to the 
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weather, or in smoky or moist atmospheres. Another 
form of limestone will be found in the Portland stone, 
or granular limestone, rich in fossil remains of the 
Oolite and Lias periods, and capable of taking a line 
polish; being excessively hard at places and soft in 
others, it requires care in selection. The Bath, Port- 
land, and Aubigny stone represent the three classes of 
most durable oolites. They work well under the chisel 
for carving. In selecting stone for bridges, the factor 
of safety should not be less than 8 ; the stone should 
be actually crushed in the hydraulic press to determine 
its crushing weight ; for general information Mr. Fair- 
bairn's experiments are a sufficient guide. 

Strengths of Stones (Faibbaibn*s Experiments). 

Granwacke, from Penmienmawr . 16,893 lbs. per aq. inch 

Bafialt, Whinstone .... 11,970 „ 

Granite, Moant Sorrel . . . 12,861 „ 

„ Argyllshire . . . 10,917 „ 

Syenite, Mount Sorrel . . 11,820 „ 

Sandstones. (Strong Yorkshire) . 9,824 „ 

(Weak) . . 3,000 to 3,600,, 

Limestones. Compact (strong) . 8,528 „ 

„ Magnesian (strong) , 7,098 „ 

(weak) . 3,060 

Note. — The crushing weight is given as the weight each speci- 
men collapsed at in lbs. per sq. inch. 

Lime is obtained from limestones by expelling the 
carbonic acid gas by heat; the lime then becomes 
quicJdime, and is strongly alkaline. To this end, Limes 
produced from different stones varying so greatly, the 
lime is classified as : — 

1. Pure, rich, or fat lime (free from silicates). 
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2. Hydraulic lime (containing 10 to 30 per cent, 

silicate). 

3. Cements (containing 40 to 60 per cent, sili- 

cate). 

4. Pozzolanas (to which pure lime has to be added 

on account of the excess of silicates). 

So important is the commercial aspect of the ex- 
istence and quality of limestones on an estate, that a 
rough, but very reliable and simple method of analysis 
is given here to enable the owner to determine the 
class of lime that can be obtained from the stone. 

Teat for Limestones, — 1. Select an average speci- 
men; weigh it; calcine it in a crucible. Weigh it 
again when thoroughly calcined. The diflference in 
weight is the quantity of carbonic add and water 
expelled. 

2. Take a specimen from 40 to 80 grains in weight. 
Seduce it to powder in a mortar. Add 3 times its 
weight of caustic potash and soda to it. Heat the 
mixture red hot in a silver crucible. When nearly 
cool empty the shell into a glass beaker. Add a suffi- 
ciency of warm hydrochloric acid slightly diluted with 
water. Evaporate the whole solution in a sand bath 
(a frying pan filled full of sand into which the vessel 
containing the solution is sunk, the pan being kept on 
the fire). Stir the solution continually towards the 
end, and when it becomes thick add 10 times the volume 
of boiling water. This dissolves every constituent but 
the silica. Filter the solution ; wash the precipitate 
so obtained well with water ; preserve this water used 
in washing, and the liquor from filtration. Dry and 
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calcine the precipitate washed. Weigh it ; the result 
is the weight of silica in the specimen. 

3. Add to the liquor and washing water (together 
directed to be kept in the previous process) solution of 
ammonia in excess. Let it stand till clear. 

Then add lime water slowly, as long as a precipitate 
continues to fall (which is magnesia) ; wash the whole 
precipitate thus obtained by the whole process, dry 
and calcine it. Weigh it. Add to it the weights of 
silica and carbonic add. Subtract the lime from the 
whole original weight of the specimen ; the remainder 
is the weight of lime that can be got from the stone. 

The 'proportion of silicates to carbonates decides 
the use the lime can be put to.* 

If the stone is not magnesian, multiply the total 
quantity of carbonic acid in Process 1 by 2*3. 

This result is the quantity of carbonates. The rest 
may be said to consist of silicates. If it should be 
magnesian stone, multiply by 2*12 instead of 2'3. 

Fat or rich lime is obtained by calcining at a great 
heat, chaUc, or limestone with few silicates and mostly 
consisting of carbonates. 

44 per cent, of its weight is expelled or lost by the 
operation, leaving 56 per cent, weight of lime, tV ^^ e 
of which is wasted in cleaning out the kiln; ^ to ^ 
weight of coal to that of lime burned is the usual pro- 
portion. 

Slaking of Fat Lime. — The lime above obtained is 
in the state of quicklime. If water is added, it is 
slaked ; 9 parts water combined with 28*5 parts lime 
^ See classification of limes, p. 118. 
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chemically. It swells to 3 times its bulk and great 
heat is produced ; it then falls to powder. 

Quicklime should be stored in barrels, or in dry 
stores, and slaked rapidly when used. 

Hyd/ravXic Limes. — The limestones containing 
silica, magnesia, and alumina are used for this purpose. 
They are gray, blue, and brown in colour. They slake, 
when calcined, very slowly, therefore they are generally 
pulverised in a mill made for the purpose, and to be 
hired from any contractor. The stones are calcined as 
with fat lime. 

To decide whether the result is hydraulic Ume or 
cementy proceed as follows : — 

Calcine a piece of stone in a crucible. Slake it to 
a paste with water. Make a ball of it. Put it in 
water. If cementy it hardens at once. If hydraulic 
lime, it takes from 1 to 14 days for it to set hard. 

Hydraulic lime should be kept very dry, and not 
exposed to the air till wanted. 

PozzolanaSj with Mirie Dust, — These contain more 
silica than lime. If pure lime be added to iron mine 
dust, to a gray colour, say 2 to 1 of mine dust, a very 
hard cement is obtained. . Lime for agricultural pur- 
poses should be prepared, if possible, on the estate. 
Limestones are best obtained by quarrying. Large 
bodies of water may be met with. These are best 
removed by a Pulsometer steam pump slung in chains 
over the site. They are less liable to becoming choked 
and are easier to fix and remove than engine pumps. 
For pumping out foundations they may be easily 
hired. 
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Morta/Tj Common and HydravMc. — Lime and sand 
mixed together with water form mortar. The slower 
the water evaporates, the harder the mortar sets. It is 
made with rich limes. 

Hydraulic mortar is made with hydraulic limes. 
Pozzolana added to conmion mortar makes it hydraulic. 
The sand used should be clean, sharp, and not too fine ; 
if earthy, it should be well washed first. Sea sand 
should always be well washed. The proportions are: — 

2*4 of sand to 1 of rich lime for common mortar. 
1*8 „ 1 of hydraulic lime for hydraulic 

mortar. 

The labour of mixing is, for common mortar per 
cubic yard = •? of a day's work of 1 man. A 2-horse 
pug mill for hydraulic mortars mixes 25 cubic yards a 
day. Their tenacities are as follows. : — 

Tenacity of Mobtabs and Limbs. 

Limes. 

Best hydraulic lime . .170 lbs. per sq. irch 
Common „ . . 140 to 100 lbs. per sq. inch 

Bich fat lime . . .40 lbs. per sq. inch 

Mortars. 
Best hydranlic mortar . 140 lbs. per sq. inch 
Fair common „ . 60 „ 

Indifferent to bad „ . 20 „ 

Note. — Tests taken one year after mixing. 

Concrete or Beton. — This consists of gravel or 
rough shingle with 5 to 6 times the volume of lime 
(hydraulic). 

It only occupies -^ to f of the volume of the 
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materials used when laid and set. It should be laid in 
layers when used for foundations. Its crushing strain 
is 640 to 720 lbs. per square inch. The quantities 
required are : — 

MoBTAB Quantity Table. 
{For 1 Bod of Brickwork of 4: Courses | Joints.) 



Proportion 


Qnality, &c. 


Bushels 


Cable Feet 


f 


Fat lime 


20 


26-7 


lto3 . .\ 


Sand 


60 


770 


1 


Water 


30 


38-5 




Blue lias lime 


30 


38-6 


lto2 . 


Sand 


60 


770 


I 


Water 


20 


26-7 




Portland cement 


26 


33-4 


lto2 . 


Sand 


52 


66-7 




Water 


17 


21-8 






19 


24-4 


lto3 . 


do. 


67 


731 






16 


20-6 






16 


19-2 


lto4 . 


do. 


60 


770 






16 


19-2 



One load of mortar = 1 cnbic yard and fills 40 hods. 
Pointing brickwork requires, for flat joints / J cubic foot mortar, 

t ^ bushel cement. 

Tuck jointe require | * *"'^^'' '°°* P"*5' 
^4 .. mortar. 



Concrete foundations to walls should be allowed to 
set well, and should have a 3-inch drain laid on the 
concrete along the enclosed side of the wall, if it en- 
closes a garden or space. 

Farm buildings should be pointed in cement 1 
to 3, 

The top comers and coping of garden walls, &c., 
should be in cement, 1 to 3 of sand. 
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Hydraulic mortars should be freshly mixed just 
before using. 

Sewer and drainage man-holes should be built in 
cement 1 to 3; so also should green-house and hot 
frame walls. If common mortar dries too quick it will 
crumble. 

Weight and Dvmensions. 
1 bushel of cement weighs 67 lbs. 
1 barrel „ is 5 bushels. 

1 hod for moitar measures 14 x 9 x 9 = 1134 
cubic inches. It holds 12 bricks or ^ bushel 
of mortar. 
1 load of sand = 1 cubic yard, or 18 heaped or 

22 struck, bushels. 
1 bushel of lime weighs, average weight, 54 to 
60 lbs. 

Clay for Bricks. — There are three kinds — common 
clays, porcelain clays, and fire clays. Of the former 
class, those which are mixed with sand constitute a 
* loam clay'; those mixed with carbonate of lime con- 
stitute * marl ' ; this sub-division of the common clays 
never binds in burning. The expulsion of the carbonic 
acid in the calcining makes them friable. Clays mixed 
with a little sand make good bricks. It is the presence 
of silicates of lime, protoxide of iron, and salts of 
magnesia, such as the sulphates and carbonates, that 
make common clays easier to partially fuse, or become 
glazed in the kiln. Protoxide of iron greatly strengthens 
the bricks in hardness ; it gives the clay a steely ap- 
pearance that is changed to deep red when the bricks 
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are burnt. Silicates in tpo great quantity make the 
bricks apt to * run ' in the kiln, and come out out of 
shape. Excess of sand makes the bricks brittle. 1 to 
5 is the proportion of sand to clay. 64 cubic feet of 
clay make 1,000 bricks. 

Porcelain or Kdolin Clays contain silica and 
alumina in equal parts which combine with 2 equiva- 
lents of water, and are expelled by the heat of the kiln. 

Granite rocks are overlaid with these classes of 
clays; and 9 parts of silica and the potash become 
abstracted by the action of the atmosphere. These are 
the clays used, but not found, in North Staflfordshire. 
They are of a cream or light stone-colour to nearly 
white. 

Stourbridge Fire-clays diflfer from the above by 
containing 2 parts silica to 1 of alumina, also some 
iron in the shape of a low oxide which determines their 
colour, varying, as it does, from white to drab yellow. 
They are chiefly found in the coal measures. 

The fuel used to convert clay into bricks is from 7 
to 9 cwt. of coal per 1,000 bricks. 3 men and 2 boys 
can make 16,000 bricks per week by hand. Good 
bricks should not absorb more than ^ their weight of 
water. 

The test of the broken section of a good brick is a 
rather glassy appearance, uniformity of section, and 
freedom from fissures or air bubbles. 

Brick-making for sale, when practised on an estate, 
should be done by machinery, not by hand. Women 
may not be employed in brickfields (Factory Acts). 

The water from the loams, marls, and clays, is ex- 
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cessively destructive to steam boilers, especially if not 
in regular work. {Vide Steam Boilers, Incrustation.) 

Details of stones and bricks follow in the next 
chapter. 

Burnt clay forms an excellent substitute for gravel, 
not being liable to *lick up' or retain dirt or wet. 
One ton of slack coal should bum from 5 to 8 tons of 
clay ; the pieces of clay should not be larger than 4 
inches cube. It is called by railway permanent way 
men burnt ballast. A good open fire is first started, a 
barrow of clay lumps is then put on ; when this becomes 
heated through, another layer of slack coal, then another 
layer of clay. When ceasing to increase the heap, 
secure the heat within by a good covering of clay, well 
rammed. Let the heap burn out and cool before 
disturbing. An outlet hole at the top and some air 
inlets at the bottom of the heap must be left, to secure 
combustion. In making roads through clay cuttings 
this should be practised. 

For agricultural purposes and to decide whether a 
soil requires liming, as clay soils generally do, make 
a solution of the soil in water, taken in diflEerent places. 
Pour in 10 or 12 drops of hydrochloric acid; if sharp 
effervescence takes place the land does not require 
liming ; if none takes place, liming will be beneficial. 
The eflTect of lime on strong clays, in encouraging a 
finer growth of grass, is most remarkable, but due care 
must be exercised in deciding whether the coarseness 
of the grasses is due to the want of lime, or the want 
of efficient subsoil or surface drainage. But when 
lime is so used to neutralise the acidity of the soil and 
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increase its fertility and stimulating powers, it must 
not be treated as a substitute for manure; a liberal 
application of the latter, on arable clays especially, 
should always follow the application of the former. A 
mixture of 2 parts salt to 1 lime is most effective in 
destroying mosses in grass land, and no doubt is exces- 
sively injurious to liver-fluke and such low organisms 
in sheep pastures. Gas lime is also applied to turf in 
these cases with advantage. The analysis of such clay 
soils is : — 

Silica 0-35 



Alnmma . 


. 33-05 


Lime . . . . 


. 0-35 


Protoxide of iron 


. 0-45 


Sulphuric acid . 


. 19-35 


Water . 


. 47-00 



100-00 
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CHAPTER XI. 

BRICKWORK AND STONEWORK. 
On Brickwork and Stonework, with Details of Labour on. 

Builders measure brickwork by the rod of 16^ square 
feet, at 1^ brick thick. Engineers always use the 
cubic yard as the standard of measurement. 

A rod of brickwork is : — 

16^ X 16^ X 1 J feet (reduced brickwork). 
306-2812 cubic feet „ 

11-34375 „ yards „ 

In practice, the rod is taken to be 11^ cubic yards. 

The stock brick measures 8| X 4:J^ x 2| inches. 

1,000 stock bricks occupy, when stacked, 52 cubic 
feet of space. 

1,000 old bricks, cleaned, occupy, when stacked, 72 
cubic feet of space. 

In using old bricks they should be stacked, cleaned, 
and well weathered before use ; those that have a good 
*ring' only being used. Brick walls should be well 
coped in cement, and the last course, or even the last 
3 courses, are better laid in cement for farm buildings 
and garden walls. All out-buildings should be well 
and sufficiently spouted, and the tenant made to under- 



Digitized by 



Google 



BRICKWORK AND STONEWORK 129 

stand clearly that he must keep them open ; in these 
days of umexhav^ted i/mprovements by the tenant, it 
may prove advisable to provide against v/nexhausted 
damage^ and nothing tends to ruin buildings, and 
brickwork generally, so much as insufficient coping and 
spouting, and the careless way in which spouts are 
broken and never replaced. It is this ceaseless petty 
expenditure in repairs and pointing that increases 
estate expenditure so greatly. 

The actual working or laying of brickwork is 
purely a builder's or contractor's question. The 
labour on it is the point more nearly connected with 
the practice of a civil engineer, but a short explana- 
tion of ' bonds ' and such technical terms may be' use- 
ful. There are two systems of laying bricks in mortar, 
one English, the other Flemish bond. The former is 
the strongest ; it consists in laying alternate courses of 
* headers ' and * stretchers ' as cross bricks and bricks 
laid lengthways are called ; thus Fig. 17 : — 

Ffff. 17. 

The course a is composed of stretchers ; that marked 
B, of headers. In building fectory or high chimneys 
four courses of stretchers go to one of headers. 

Carelessly built brickwork brings vertical joints 
one above the other in a vertical line and greatly in- 
creases the tendency to splitting should the wall 
subside. 
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Flemish bond consists in laying alternate headers 
and stretchers in each course. The joints always break 
correctly; thus Fig. 18 : — 







FlB. 18. 


1 A 


|B| 


II II 


1 II i 1 i 


1 II II II 



One-fifth the volume of the bricks will give the 
volume of the mortar for good brickwork. 

The men employed on a wall would be bricklayer, 
labourer, scaflFolder. The approximate day's work of each, 
per cubic yard for walls and arches, is as follows : — 

Bbicklayeb's Laboub Table. 





Biiddayer 


lAbourer 


Man Erecting Scaffolding 


Ordinaiy laying 
Brick-arching . 


0-6 
0-9 


0-6 
0-9 


0-2 

Variable 



Buttresses. — These should be put up not without 
some considerable forethought and care. An architect 
or engineer should always be consulted when it is 
proposed to support exterior main walls with buttresses. 
Unless a secure foundation is obtained for the foot of 
the buttress, the wall is only further weakened. In- 
secure foundations to walls are the general cause of 
bulging. Subsidence, or cracks, may be ascribed to 
the action of water in the foundations. Kitchen garden 
walls should be wired for fruit trees. The practice of 
driving in nails is objectionable, and the pieces of cloth 
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harbour insects; the trees are easier protected from the 
frost, and, if blighted, easier tx) clean. 

A Welsh fire brick measures 9 x 4^ x 2| inches. 
They are suited for lining boiler furnaces with, and for 
setting boilers. 

Stonework. 

Dry Rubble Masonry. — This is greatly used for 
fencing walls in mountainous countries. A mason, 
used to the work, and one labourer will build per cubic 
yard as follows : — 



Rubble wall, built dry, per yard cube . 

„ „ with mortar, per yard cube 

„ „ „ cement „ 



Days of 1 Mason 
and 1 Labourer 

. -242 

. -284 

. -090 



Rubble stonework is often used for retaining walls. 
10 loads of rubble = 19'3 cubic feet, or 7 cubic yards. 



Fig. 19. 



\ 






1 



Section. 



This is roughly a man's day's work. Figure 19 shows 
the method of obtaining equilibrium between a bank 
and retaining wall, for all materials. 



K 2 
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s = specific gravity of material forming the wall. 
T = specific gravity of material forming the bank 
retained. 

iADAE*S = ^AD' X T X tan DAG* 

^ A D=point of pressure of the bank as at x. 

The line of rupture GA has its distance DG as 
follows : — 

For sand . . '618 x da. 

„ rubbles . . -414 x da. 

„ gravel . . '618 x da. 

„ earth . . '648 x da. 

If backward slope or * batter ' is given, ^ of the 
height will suffice for backward slope. ^ of the 
height to ^ will suffice for the width at the founda- 
tions, j^ for that at the top. 

Stone for building being usually got near, an 
examination of existing buildings in the neighbour- 
hood is the best guide. Stone staircases are very 
treacherous structures in case of fire. If the main 
staircase is stone, the back should be of brick or iron. 

The stone splits when heated, often without warn- 
ing. This is not the case with brick structures. 
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CHAPTER XII. 

WOODWOKK AND ITS PRESERVATION, 

On Woodwork — ^the Strength of Beams — Sheet-piling — and on 
Timber and its Preservation from Decay — on Fire-proof Paints 
for Woodwork — with Speeds for Wood- working machinery. 

The action of certain acids contained in oak timber on 
iron, lead, and zinc, are of importance in all wood 
structures.' Zinc roofs should not be fastened to oak 
supports direct ; iron nails perish in oak timber if not 
dipped in paint or tar. Lead is also slightly acted on 
by the acids contained in oak. For floodgates and 
such works exposed to water, acacia is very durable ; 
teak does not attack iron. 

The appearance of good timber, suitable for beams, 
bridges, &c., is as follows : the cellular tissue is firm 
and compact, not woolly ; the fibrous tissue is firm 
and does not clog the teeth of the saw with detached 
pieces of stringy fibre. When freshly cut it is light 
and shining, not chalky in general appearance. Its 
weight per foot cube should be a good average. 

Deal timber is thus classed, 12 feet to 14 feet 
long : — 

1 See Appendix. Specification for Creasote. 
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Sawn deal planks \ 9 
11 



7 in. broad are called * Battens.' 
* Deals.' 
« Planks.' 



J9 
99 



99 



The squaring up of timber as soon as felled is of 
importance. Seasoning takes about two years for 
joiner's work, and twice that time for larger sorts of 
timber, such as beams. Dry rot in timber is the 
growth of a fungus ; insufficient ventilation is the 
cause, and complete removal of all tainted wood the 
remedy, with good top and bottom ventilation. lino- 
leum and oilcloths that are impervious to air will bring 
dry rot in floors if a space of 8 inches is not left round 
the walls. Impregnation with sulphate of copper is a 
preventive against dry rot. It should be done under 
a pressure of 30 lbs. per square inch. For wooden 
spanned roofs the following table is given, which gives 
the proportions for the relative parts : — 









Wooden Roops. 








Span 


Principal 


Tie Beam 


King 
Posts 


Queen 
Posts 


Small 
Queens 


Straining 
Beams 


Struts 


20 


4x4 


9x4 


4x4 


_ 


_ 




3x3 


25 


6x4 


10x5 


5x5 











6x3 


30 


6x4 


11x6 


6x6 











6x3 


35 


5x4 


11x4 


— 


4x4 


— 


7x4 


4x2 


45 


6x5 


13x6 


— 


6x6 





7x6 


6x3 


50 


8x6 


13x8 


— 


8x8 


8x4 


9x6 


5x3 


55 


8x7 


14x9 


— 


9x8 


9x4 


10x6 


5^x3 


60 


8x8 


16x10 


— 


10x8 


10x4 


11x6 


6x3 



The roofs above 30 feet span are all calculated as 
queen trusses. 

The simplest form of roof is given in Figs. 20 and 
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21. The latter figure represents the natural forces 
exercised on the roof. 



Fig. 21. 




Fie. ao. 

Section. 

In this simple form of triangular truss (Fig. 20), A 
and c are the principal rafters ; b b is called the tie 
bearriy 2 and 3 are the povnta of support ; 1 is* called 
the ridge ; n, if of wood, is called the ki/ng poaty if of 
iron, the king rod. 

In Fig. 21 the vertical line c A represents the direc- 
tion of the vertical load on the ridge at the point 1, 
or J the gross weight of the roof. C and A are the 
directions of the respective thrusts along the rafters ; 
and the line OB is the horizontal tension along the 
beam. The relative forces now are : — 

C = ^ span of roof. 

K = rise at ridge in feet. 

H = tension along tie beam. 

T = thrust along each rafter. 

4K V 16/ 

This is the form of truss recommended for a wooden 

bridge truss ; the parallelogram may be completed as 

shown by the dotted lines (Fig. 20). But on estates, 

the introduction of iron in place of wood is in every 
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way desirable for such structures as bridges, water- 
wheels, beams, &c. The life of wooden structures, such 
as quoted, would only be about double that time during 
which the interest borrowed would be repayable* 

Beams applied to Wooden Bridges {Safe Load).-^ 
The following table gives details of safe loads for struc- 
tures of both wood and iron. The calculation of the 
breaking weight under various circumstances being too 
lengthy and technical, the reader is referred to Clark's 
* Formula and Equivalents for Mechanical Engineers,' 
where the subject is fully dealt with. 

Permanent Loads on Bridges, &c. 

For rough calculations the weight of the bridge itself 
may be assumed to be (in wrought-iron bridges) : — 
For 30 feet spans, single line 6 cwt. per foot nm. 

ft 100 n ,f 9 „ „ 

,» 150 „ „ 12 

„ 200 „ „ 16 „ „ 

Dense crowds average 120 lbs. per square foot. 
For flooring 1^ to 2 cwt. per square foot, exclusive 
of the weight of the flooring, is generally allowed. 
In store-houses from 2 to 4 cwt. per square foot. 

Safe Load in Stbuctubbs, including Weight 
OF Structube. 



In cast-iron columns . 


. = 


i breaking weight. 


Wronght-iron structures 


.. 


i 


f» 


In cast-iron girders for tanks 


B 


i 


M 


In ditto for bridges and floors 


» 


* 


»» 


In timber (live load) . 


- 


* 


t* 


, (dead load) . . 


» 


i 


»» 


Stone and bricks . . . . 


= 


i 


» 
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To Cut the best Beam from a Log.' 

Divide the diameter, A b, into 3 equal parts, af, fe, 
and E B, and from E and f — draw the lines f c, E d, at 
right angles to A b — ^join A c, A D, b c, and B D, then A c, 
B D is the cross-section of the strongest beam. 





To cut the stiflfest beam, divide the diameter into 
4 instead of 3 parts, as shown. 

Fire-proof paint is to be used with advantage in 
wood partitions and general work. 

The velocities for wood-working machinery are : — 

Periphery of circular saws . 6,000 to 7,000 feet per minute 

Rate of feed for circular saws . 15 to 60 „ „ 

Velocity of band for „ » 3,500 „ „ 

Velocity of gang saws, 20-incli 

stroke 120 strokes per minute 

Velocity of screw saws . . 600 to 800 strokes per minute 
„ periphery of plan- 
ing machine centres . . 4,000 to 6,500 strokes per minute 

Travel of work under above . = ^ inch per cut 

Speed of squaring-up machine . 
centres 8,000 feet per minute 

Speed of machine angles (IJ 
diameter) .... 900 feet per minute 

Speed of mortising machines . 250 to 300 strokes per minute 

1 horse-power required per hour for 76 feet superficial, pine. 

1 horse-power required per hour for 46 feet superficial, oak. 

Speed required for main shafting, 300 rev. per minute. 

Self-feeding frames and guards should always be 
used for circular saws ; otherwise knots of wood are 
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sometimes thrown out with great violence, and spirts 
of sawdust get in the man's eyes that feeds, if he 
stands behind the saw. Two india-rubber hook-tourni- 
quets to arrest bleeding should be kept hanging on the 
saw bench, in case of accident. Men employed with 
such machinery should be insured, for injury as well 
as death. Never stand behind or in front of wheels 
revolving at a high speed. They may and do part. 
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CHAPTEE XIII. 



IRON AND STEEL. 



On Iron and Steel Girders and Wire — and on the Strengths and 
Weights of Cast Iron, &c. 

Iron is classed as wrought and malleable, or as cast- 
iron. Combined with a certain percentage of carbon it 
is classed as steel. When cast-iron girders are used, 
the load on them must be imiform, not variable. They 
should not be loaded to more than ^ their breaking 
strain. The tension strain on wrought iron should not 
exceed ^ breaking strain. The cost of a wrought-iron 
girder bridge per foot span for foot passengers only 
will be about 358. As previously stated, the operation 
of designing iron structures is essentially that of a 
mechanical or civil engineer. To do any more than 
advise the substitution of iron for wood, where possible, 
would be going beyond the scope of this work. In the 
strength of cast-iron girders the following details may 
be of use : — 

D = depth of girder in inches. 
A = area of bottom flange in inches. 
s = span in inches, 
w = breaking weight. 
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When supported at each end, load in centre : — 

_ 25 AD 

s 

When supported at each end, load distributed : — 

• 50 AD 
w= 

s 

Safe deflection = -^ inch per foot span. 
The annexed table gives the strength for cast girders 
of usual patterns for a distributed load in tons : — 



CAST-IBON GiBDBES (BREAKING WEIGHTS). 


Span in Feet 


Depth in Inches 


Bottom Flange 


Breaking Weight in Tons 


10 


10 


6xlJ 


31 


15 


15 


8x1, 


50 


20 


20 


lOxli 


62 


26 


25 


13xl| 


94 


30 


30 


15x2 


125 


35 


35 


17x2 


141 



The safe load on chains (iron) thus : D = diameter 
in ^ths of 1 inch, and w = safe load. 

D^ 



D = >/ 8w 



w = 



9 



Table of Safe Wobking Loads on Ibon Chains. 



Diameter of Iron 


Working Load 


Diameter of Iron 


Working Load 


inch 


tons 


inches 


tona 


1 


1 


\i 


6-2 




1-7 


1 


7 


•TJ5 


2-2 


1^ 


8 




2-8 


1, 


9 


3-3 

40 


1? 


10 
11 


f 


4-6 
6-5 


1* 


12 
13-5 
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Wrought-iron girders are generally used in the 
form of plate girders. For columns, both wrought and 
cast-iron is used. The nature of the work to be sup- 
ported regulates the design of girders, and space will 
not admit of detailed description here. Most founders 
keep girders and columns in stock for every sort of 
work. Steel, if used for boilers, should be drilled, not 
punched, to receive the rivets. 

Iron gates are a great economy near the farm, 
where they are constantly being opened and shut ; but 
as a general rule they are not constructed to be suffi- 
ciently stiff. Iron stranded wire is used for fencing. 
No. 4 galvanised iron telegraph wire is used with 
success in Scotland for the same purposes, and is more 
durable and less expensive. The writer has found cast- 
iron gate posts of use in certain places. The weight 
of metal pipes is as follows : — 

D = outside diameter of pipe in inches. 

E = inside „ „ „ 

w = weight of 1 linear foot of pipe in lbs. 

w = K X D^ — E* 
K = 2*45 per cent. iron. 

= 2*64 „ wrought iron. 

= 2-82 „ brass. 

= 3*03 „ copper. 

= 3-86 „ lead. 
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CHAPTER XIV. 

THE GENERAL FORMATIONS IN GEOLOGY FAVOURABLE TO 
THE EXISTENCE OF MINERALS. 

On the Geological Features that jnstify Exploration for Minerals, 
with Notes respecting the Development of Coal Mines. 

The periodical depositions, denudations, and upheavals 
that have modified the original section of the earth's 
crust may occasionally be taken advantage of, and 
minerals may be wrought at a shallow depth in com- 
parison with their proper geological position. 

The crystalline rocks represented by granite form 
the fundamental rocks of the earth's crust. Granites, 
with this series of great thicknesses of crystalline rocks, 
are called the primary rocks. The minerals found in 
them consist of tin, iron, zinc, lead, copper. Next 
above granite come the crystalline schists. Of this 
class are gneiss, quartz, and limestone. These are the 
richest of metalliferous strata included in the primary 
rocks. 

Passing further come the transition formations, or 
rocks largely present in Cumberland and Westmoreland, 
the mountains of Wales, and the Cornish rocky coast. 
They are rich in mineral ores, silver, lead, zinc, copper, 
cobalt, manganese, bismuth, antimony, and sometimes 
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iron. Their sur&ces, when calcareous, and not silicious, 
are capable of considerable agricultural fertility. 

Above these transition rocks comes that great 
secondary formation that the miners term * the world's 
coal-hole.' This secondary formation is of immense 
thickness. The strata lie as follows, proceeding up- 
wards from the transition rocks : — 

1. The Old Eed Sandstone. 

2. The Coal Formation. 

3. The New Eed Sandstone. 

4. The Lias. 

5. The Oolite. 

6. The Chalk. 

It is to be observed that some of these are not 
always deposited. 

The Old Bed Sandstone, rich in marine fossils and 
impressions of marine plants, corals and testacea, is 
poor in minerals. It is to be seen at the surface in 
the county of Hereford. 

The coal formation consists of limestones, iron- 
stones, coal seams, and ligneous deposits. The lowest 
stratum is called moimtain limestone. Derbyshire is 
a fertile instance. It is important to recognise that 
the true English coal measures, or workable seams 
with their clays, lie ahove the moimtain limestone. 

The New Eed Sandstone now follows. Lancashire, 
Cheshire, part of Shropshire and Staffordshire, are all 
of this formation. It follows the course of the river 
Trent to the Humber. It produces the rock salt and 
brine seen at Nantwich and Shirley Wich. The pebble 
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beds overlying this stratum of sandstone occasionally 
contain water to a great extent, causing expense in 
pumping or Hubbing back,' when sinking through 
them for coal. 

Following the New Sandstone measures we have 
the Lias formation, containing the fossil remains of 
enormous fish lizards 20 to 30 feet in length. It con- 
tains no minerals that are workable, indeed rarely any 
except a carbonate of copper. It is valuable for hy- 
draulic limes {see Lime, chap. x.). It is the dreaded 
* blue slipper ' of the railway engineer. Lyme Regis 
is entirely lias ; it is a good subsoil for dairy farming. 
Leicester, Gloucester, Warwick, and Somerset are in- 
stances of its value agriculturally. 

The Oolite (Jura limestone) follows next above the 
Lias. It consists of marl, sand, lime and sand stones. 
The Lower Oolite i^ separated from the Lias limestone 
by the Liaa clay, the lower from the Middle Oolite by 
the Chinch or Oxford clay, and the Middle from the 
Upper Oolite or Portland Oolite by the Ki/nvrneridge 
clay. This applies in England only. 

The Chalk or Wealden formation now comes. Its 
agricultural value speaks for itself. Fig. 22 shows its 

Fig. 22. 

Surface 




Section, 
section in London at the estuary of the Thames, b is 
the bed of the Thames. It will be seen how a bore 



Digitized by 



Google 



MINERAL STRATA 145 

sunk at A into the chalk will yield an artesian supply 
of pure water that cannot be polluted. 

It may be now said definitely that workable coal 
does not exist under the Wealden' stratifications in the 
south-eastern counties of England. 

The Tertiary formation above the plastic clays 
afford gypsum and calcareous deposits. 

Above this come the alluvial deposits. The fossil 
remains are those of the tapir type, or * Pachydermata.' 
They do not afford any minerals ; indeed it may be said 
the super-tertiary deposits are not unlikely to be 
coeval with the existence of man. Their examination 
in America is of the greatest interest to the geologist 
on this account. In dealing with all tertiary forma- 
tions it should rather be of their present place than of 
the age to which some of them belong. 

Coal and Iron. 

In general the search for coal should be first con- 
ducted by means of a preliminary comparative table of 
sections obtained in the neighbourhood. These may 
be then laid before an experienced mining engineer for . 
his opinion on the dip, nature of roof, probable quantity 
of water to be met with, number and quality of seams, 
facility of transport for the coal when won. This 
decides the question of boring or sinking direct. 

It is then advisable for the owner, through his 
engineer, to draw up a statement of terms on which he 
will grant a lease of the supposed minerals. 

In general it is most imwise for an owner to bore for 
coal at his own expense or to work coal mines. A 

L 
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retrospective experience of the relations between 
capital and labour are not sufficiently encouraging for 
me to recommend an owner to lock up his capital on 
terms to be dictated by others or by events. On this 
point I write distinctly as a mining engineer. The 
want of confidence invoked, and of late years fomented 
greatly by the recognition of the field of labour as an 
area for the display of party politics, is driving capital 
rapidly from its legitimate channels, and one result only 
can follow — in place of this country being, as it has 
been, the workshop of the world, its home industries 
will be starved, home ties will be severed, and both 
capital and labour will leave the country. There is 
ample field for legitimate employment of capital in 
this country ; and those who, with inflammatory utter- 
ances for the sake of party politics, foment the labour 
market and its chronic discontent, which might so well 
be turned to a feeling of national ambition to rise, and 
which is the secret of all success in competition whether 
of the nation or of the man, should reflect that when 
capital and labour are driven from the country their un- 
patriotic occupation of political agitation will be gone, 
and the majority of the very class whose interests they 
profess to watch will be unemployed. The well-worn 
statement that the employment of English capital in 
America and Australia is a proof of the abundant 
wealth of the nation that finds it requires to be com- 
pared with the question, what proportion of the whole 
is employed at home in remunerative industries, and 
with the fact that the foreign industries thus created 
compete with home industries on a ridiculous and 
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unfair basis. In the Colonies a man has to work, the 
alternative is starvation ; at home there is rapidly be- 
coming but little to do, and those who would work are 
led on by false hopes to ask a prohibitive price for their 
labour. Free trade as a policy requires a free and 
open labour market. This is impossible where it is 
made the scene of party politics. 

On these experiences, gained at home and abroad, 
I advise owners to let others develop these minerals. 
So also is it with iron. The proportion of capital to 
be locked up is out of proportion to the income of the 
owner, and the rate of interest too uncertain to warrant 
him becoming his own smelter. 

It may be observed that by the basic process of 
Thomas & Grilchrist many ironstones containing pro- 
hibitory quantities of phosphorus may now be made 
into steel direct. 



I 2 
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PART m. 

ON EARTHWORK AND ROADS. 



CHAPTEE XV. 

EARTHWORK AND ITS MEASUREMENTS. 

On the Measurements of Earth— Tables of Labour on, and Notes 
on the Retention of Earthwork, and Retaining Walls. 

The extent of the friction of the particles composing 

a bank of earth is the extent of its stability. All soils 

possess what is called an angle of natural repose — that 

is, when heaped up, they assume a definite slope. The 

tangent of that angle is the co-efficient of friction. The 

usual way of describing a slope of earthwork is to 

state the proportion of its horizontal breadth to its 

vertical height; this ratio is called the reciprocal of 

the tangent of inclination. But for general practice it 

will suffice to take the following angles of stability for 

earthwork, it being borne in mind that if the earth 

is tipped in making an embankment it will assume its 

angle of repose naturally : — 

For dry sand, clay, mixed earth . . from 37° to 21° 

„ damp clay „ 17° „ 14° 

„ shingle, gravel „ 48° „ 35° 

„ peat » 45° „ 16° 
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The most frequent slopes are those called 1^ to 1 
and 2 to 1, whose angles of repose are 33^° and 21^° 
respectively. 

In the particulars given in the chapter on the 
Treatment of Eivers, further particulars are given of 
labour and the feeing with stone and turf of such em- 
bankments as are used for confining flood waters. 
Eeference to the tables therein will give the cost of 
labour on such work. 

The weight of a cubic foot and yard of earthwork 
is as follows : — 



Weight of Eabthwork. 



Material 


Per Cubic Foot 


Per Cubic Yard 


Chalk 

Clay .... 

Gravel and shingle . 

Marl. 

Sand (dry) 

,, (wet) . . 
Shales 


lbs. 
117 to 174 
120 „ 135 

90 „ 110 
100 „ 119 

89 
126 
162 


lbs. 
3,160 to 4,730 
3,240 „ 3,645 
2,430 „ 2,970 
2,700 „ 3,210 
2,400 
225 
4,370 



The proportions of getters, fillers, and wheelers, for 
50 yards run should be as follows : — 





Getters 


PiUers 


Wheelers 


In loose earth-sand 
In compact earth 

In hard clay 

In compact gravel 

In rock 


1 
3 


1 
2 
2 

H 

1 
1 


1 
2 
2 

\' 

1 
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Slips and their Treatment — These slips, as subsi- 
dence laterally is called, are due to the action of water ; 
they commonly occur in the blue lias formation, and 
in the plastic clays. The Midland and Great Northern 
Railway Companies have had great trouble with slips 
near London. The writer had an experience of them 
in the neighbourhood of Lyme Regis. Fig. 23 shows 
a cutting ^ stepped ' and drained for slips. Here the 
tendency was for the ^ blue slipper ' contained in the 
bank D to slide in the direction shown by the arrow, 
(completely blocking or carrying away laterally the 
railway at B in the direction B C. The drains A A A A 
were cut to intercept the water, and were made as 
trenches filled with large stones. At E a drain was 



Fl£. 23 




Section. 

carried parallel with the line, cut down to the level of 
the solid ground. The water is thus intercepted in its 
natural course to a brook at c. Embankments of 
course should never be formed of any such material 
likely to slip. 

The pressure from slips will overturn any retaining 
wall unless the bank is stepped and retained by a wall 
with a good batter to it. 
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Inasmuch as most of such retaining walls come 
under the head of surcharged retainmg walls, it is 
desirable to examine the conditions of stability of these 
walls when loaded, and to provide accordingly. 

Firstly, then, for the ordinary retaining wall for a 
cutting the following formula and table is : — 

Obdinaby Retaining Walls. 



Batter of WaU 


Clay 


Sand 


Clay 


Sand 


lin 4 


•083 


•029 


•116 


•064 


1 „ 6 


•122 


•066 


•166 


•092 


1 » 6 


•149 


•092 


•183 


•118 


1 » 8 


•184 


•125 


•218 


•163 


1 „ 12 


•221 


•160 


•266 


•189 


Vertical . 


•300 


•239 


•336 


•267 




E : w 


:: 4 : 6 


B : w : 


: 1 : 1 



E = weight of earthwork per cubic yard, 
w = „ wall „ „ 

H = height „ „ „ 

T = thickness „ at top „ „ 

T = H X the number in the table. 

Surcharged Walls. 
The height H is to be measured oflF up the slope to 



L. Y is a perpendicular line let fall from it. 
mean thickness of the wall, is : — 



T, the 



T= -77 



X tangent -- 



R 



The angle A is the natural slope or angle of repose 
of the material ; w is the weight of the wall in lbs. ; 
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R is the weight of the earth per cubic foot behind the 
wall. 



Fig. 24. 



^y/^^ 




Tangent Table for — in fobeooino Fobmula. 

Tangent ^ for gravel and sand ~ -488 
2 

„ ^ shingle . . = -610 

„ „ earth, wet . = -532 

., „ London clay . = -637 

Laboub in Excavation and Filling. 

Excavating per cubic yard. Days of 1 navvy. 

Earth -046 

Sand -060 

Clay 100 

Gravel 150 

Chalk -200 

Rock (requiring blasting) . . -450 

For getting out trenches snch as foundations, add one-third to 

the above. 

Days of 1 navvy. 
Filling barrows with one yard cube earth -046 

„ „ „ clay 062 

„ „ „ wet clay. -056 
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CHAPTER XVI. 

ON THE CONSTRUCTION OF ROADS. 

On the Construction and Maintenance of Roads, and on Portable 
Farm and Mineral Railways — Their Cost, &c. 

In the previous chapter the general details in connec- 
tion with earthwork were given. The estimation of 
the cubic contents of earthwork to be removed as a 
cutting, or formed as a bank, requires long practice and 
some considerable surveying knowledge, more than can 
be expected except from contractors of long standing. 
So that should such estimates be really required, a 
contractor's opinion should be taken, and the work let 
out as a contract. In the construction of roads it 
rarely occurs that any great difiBculties are met with in 
the matter of earthwork; the chief obstacles are in 
crossing swampy places or peat moss, in getting a 
good foundation for the road, and in the absence of 
proper natural materials. The sectional curvature — 
i.e. the curve from side to side of the road — should not 
be greater than will drain the road, otherwise the 
centre will always be chosen by carters, and the road 
will be worn down into a wavy condition, which is, in 
winter, very destructive to the foundation. 1 in 164 
is the gradient on which a horse can perform his work 
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both up and down hill with the least waste of his 
strength. The roundness or sectional curvature of the 
road above alluded to may be made 1 in 33 to 35. 

The repair of roads, to be economical, should be 
little and often ; no work should be done in the way of 
re-metalling until the autumn rains have set in. To 
keep farm roads in order, where steam power is available, 
a stone-breaking machine should be used. Indeed, 
stone-breaking by hand is slow, expensive, and in every 
way unsatisfactory, except it be regarded as a charitable 
means of employing labour unfitted for active work; 
but bad roads are the means of many accidents and 
loss of time, so that the old men on an estate can be 
better employed keeping drains open, &c., than in 
such work. 

Stone-breaking machines are made of all types. 
Their cost to work is about threepence per ton of stones 
broken. They should be supplied with travelling jaws 
to break stones to different sizes. A stone-breaking 
machine constructed by Marsden and Co., of Leeds, 
costing 190^., gave the following results: — 





Teial op 


Stone-bbeakebs. 




Size 


Tons per Hour 
Broken 


H..P. 


Total 
Weight 


Weight of 
Prame 


Price on Wheels 


15 X 7 
24x12 


If 


6 
12 


108 cwt. 
377 „ 


54 cwt. 
80 „ 


£190 
Fixed 



The use of these stone-breakers is not fully recog- 
nised by agents. The gauge for the size of farm road 
stones should be a 2-inch ring, through which any stone 
picked up at random should pass. The 15x7 sized 
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machine is about the size required for an estate. The 
material that has been broken should be laid on in 
thin layers in wet weather; except the stones are 
broken, they can never bind. Some slight sprinkling 
of fine gravel or earth may be required to ensure this. 
When stones that are well broken do not bind, it is a 
sign of an insecure foundation ; the road * works up ' 
under the load, and if attention be paid to the road 
just in front of the wheel of the waggon going on it, 
it will be at once seen that much of the horse's labour 
is expended in crushing down the ridge of road that 
has * brackled up ' just in front of the wheel base. 

In adding fresh material, the old road should be 
picked up to a depth of 6 inches. The drip from 
overhanging branches of trees is injurious, and cot- 
tages should not drain across the road. 

The maximum or ruling gradient for any road 
should not be more than 1 in 30. 

Whinstone and such durable stone is suitable for 
repairs and for road bottoms. For back roads up to a 
private house. Mount Sorrel chips form a good top, and 
are clean and durable ; so also are Mount Sorrel blocks 
4 inches cube, for yard paving, and especially for stable 
yards, rapidly drying and never becoming slippery, 
besides being excessively durable and neat in appear- 
ance. 

The Mount Sorrel quarries are situated near Lei- 
cester ; the blocks are delivered ready for use. 

On sharp curves or bends in the direction of the 
road, when the banks are high and level with the 
horse's head, the fences on either side should be posts 
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and rails, to allow of persons driving seeing round the 
curve ; where traction engines are much used this is a 
most necessary precaution. 

The side drains to the road, especially at gateways 
leading into fields, should be cleaned out in the autumn 
ready for the winter, and if repairs are carried on late 
into the year care should be taken with regard to small 
stone heaps that they are kept well clear of the road- 
way, otherwise they become obliterated in falls of snow 
and become dangerous to traffic. 

In laying out new roads, sharp curves are to be 
avoided ; the ruling gradient, as stated, is not to ex- 
ceed 1 in 30, the rotundity of the road 1 in 35 ; and 
in taking levels and averaging the reduced level of 
the section, as explained in the article on Levelling, 
the gradients are to approach 1 in 164, as near as 
possible. 

Gateways into arable fields should have a liberal 
sweep allowed them, in turning off the main road, to 
allow of a steam ploughing engine entering in easily. 
Where side drains to farm roads pass under the en- 
trance to arable fields, proper culverts should be con- 
structed to bear the weight of engines passing in and 
out. These of course should be of brickwork set in 
cement. 

Turnpike roads are by statute 30 feet in width, 
averaging 6 inches in the centre above the sides in 
rotundity. 

Footpaths measure 6 feet, with an inclination of 1 
inch towards the road. Side drains are 3 feet below 
the surface of the road. 
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Eongh method to gauge road metal : — 

L = length of side of gauge in inches — i.e. the 

slope of the heap. 
B = number of bushels of metal required per 
linear yard of road. 
L = 12i-v/¥ 
2,700 cubic inches being = 1 ^ heaped bushel.' 

The traction power of horses is : — 

Bate in miles per hour . . = 2 3 3 4 4^ 5 
Force exerted in lbs. per horse . = 166 125 104 83 62 41 

Eesistance in lbs. per ton on different roads ex- 
clusive of gravity : — 

LbB. per ton. 

Stone tramway 20 

Paved road 33 

Macadam road 44 to 6)" 

Gravel 160 

Soft ground 210 to 250 

Care is to be taken to metal extra thickly the 
crown and slopes of brick arches. 

Under the head of roads we come to portable rail- 
ways, for quarrying, lime burning, or for use on large 
fields worked by steam in the operation of liming or 
manuring. 

Mr. Oranfs Portable Railway. — This is essentially 
a farm railway. Its prime cost may be estimated as 
follows : — 

£ s, d. 
Rails per pair, with tie-bars, 22 J-inch gauge, per 

yard (lengths are 5J yards) . . . .030 

Turn-tables, each 5 10 

Ballast truck, with automatic tailboard and 

brake, each 10 
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£ «. d. 
Side truck, to hold 1 cubic jrard . . . .8100 
Harvest truck, to hold the half contents of a 

farm waggon 13 

Average cost for a large farm, 200Z. complete. 

A smaller gauge is also made for making private 
roads and walks. 

It is self-evident that in dealing with the liming 
or stoning of a large field, or in taking off turnips in 
wet weather, labour is saved and the trampling of the 
ground by carts avoided. The trucks tip to the side 
clear of the road. Where land is cultivated by steam 
I consider the use of such railways part of the entire 
system. Where engine power is to be used, such 
plant as that constructed by the Castle Engine Works 
at Stafford is required. Excellent practical results 
have been obtained with both. Work has been done 
over the grass lawn forming John Evelyn's Walk at 
Albury Park that could not otherwise have been accom- 
plished without destroying the turf, and the writer 
has witnessed many successful instances of such systems 
in the Colonies, Ceylon, and elsewhere. 

The use of steel in the construction of the trucks is 
desirable ; experiments conducted by the writer on the 
surface and underground has shown the adaptability of 
steel to such a purpose. Such steel waggons are con- 
structed with a convenient rim to them on steel wheels 
by the Gildersome Foundry near Leeds. When Mr. 
Grant first introduced his railway plant it was of iron. 
The writer advises steel rails and steel points; the 
portable railway is easily conveyed about or stored. In 
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laying down in fields, advantage is to be taken of natural 
gradients, so as to work up-hill empty. 

In executing work over turf land these tramways 
are invaluable 

A feature in working over turf land is the condition 
of roads or rides in woods. These should be much 
better drained than they generally are. Labour spent 
in forming good roads out of large woods soon repays 
itself in the saving in damage and expense when 
drawing out timber, a point often overlooked. If sown 
down as rides, then the following mixture and quantity 
required per acre will form a good sound drive. It is 
from experiments of Mr. Robert Brown, of Wass : — 

Geass Mixture for Rides. 



Dactylis glomerata, or rough cocksfoot grass 
Anthoxanthum, or sweet-scented grass . 
Festnca duriuscula, hard fescue grass . 
Bucetum elatius, tall fescue grass 
Alopecurus pratensis, meadow foxtail grass 
Poa pratensis, smooth-stalked meadow grass 
Poa trivialis, rough-stalked meadow grass 
Poa nemoralis, wood meadow grass 
Phleum pratense, Timothy grass . 



Lbs. 
3 

4: 

2 
1 
2 
3 
5 
6 
1 



When planted they should be rolled and bush harrowed ; 
when fairly up they should be well rolled, and cut 
annually at first. 

All bridges and culverts on roads must be con- 
structed to carry the weight of traction engines, say 
10 tons; these engines (10 h.-p.) can take 12 to 15 tons 
up a gradient of 1 in 12, or 30 tons load on level 
ground. 
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CHAPTER XVII. 

ON QUARRYING, BLASTING, AND THE USING AND STORAGE 
OF MODERN EXPLOSIVES. 

On Blasting, Quarrying, and the Use of Modem Explosives, with 
Rules for the Guidance of Workmen in the Using and Storing of 
Explosive Compounds. 

EoCK that cannot be split with a pick may often be 
worked off by boring holes and using blunt steel 
wedges. This per cubic yard has been estimated at 
•04 of a day's work of one man, but it varies greatly. 
Failing all measures, the use of explosives must be 
resorted to. These are blasting powder, dynamite, and 
tonite or cotton powder. 

Blasting powder may be used when the following are 
the circumstances. ' Where the rock is dry and not too 
hard, such as in the sandstone strata, the operation 
consists of boring a hole in the rock about 2 inches in 
diameter, from 1 to 10 feet in depth, and charging the 
same with powder in repeated small charges well 
rammed with a wooden or copper rammer^ not with 
any iron or steel tool ; dry clay is always to be used as 
tamping. The tamping should be not less than 8 
inches. The fuze to be used is Bickford's safety fuze. 
Its rate of burning should always be tested by burning 
a length first, and then a suitable quantity, say 2 feet, 
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erring always on the side of safety, should be inserted 
on the top of the powder, and a little loose powder 
poured into the hole after ; the tamping is then inserted, 
care being taken not to crush the fuze. The man in 
charge then satisfies himself that his fellow-workmen 
have withdrawn to a place of safety, and, if such is the 
case, lights the fuze and retires himself to await the 
explosion. 

If the shot misses fire, after allowing ample time 
to elapse, a fresh hole should be put down close to the 
other ; to unram the missed charge is certain to end in 
an accident, and so well known is this that, in mining, 
the 1872 Mines Eegulation Act says, ^ A shot that has 
missed shaU Tiot he unrammedJ The explosion of 
the second shot explodes or destroys the first charge 
hole. 

The weight of powder required for a blast may be 
thus estimated. Powder takes the line of the least 
resistance when ignited to liberate its expansive gases. 
This is the shortest line from the bottom of the bore 
hole to the surfece of the rock at any point, then 

powder required in lbs. 
_ (line of least resistance in feet)^ 
32 

lib. of blasting powder occupies thirty cubic or 
38-2 cylindrical inches 1 inch diameter. 

It may not be stored in a dwelling-house unlicensed 
(Explosives Act) ; neither may any detonating or per- 
cussion caps of the fulminate class be stored with it. 

The principal labour in thus quarrying rock is in 

M 
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* jumping' or boring the charge holes. To do this 
effectually two men and one boy are required. The men 
strike the top of the jumper with hammers, the boy 
turning it round slowly meanwhile. Another method is 
called churning, in which two men raise the jumper and 
let it fell back in the hole again. Then a day's work 
per man by each process gives — 

Cylindrical inches 
of holes 

Jumping in granite 300 to 160 

Churning 200 

In limestone 500 to 700 

The jumper requires sharpening once for every foot 
bored in granite, and to be resteeled every 15 to 20 
feet. 

Gunpowder is not an economical agent in sinking 
wells, splitting roots of trees, or very hard rock. For 
this purpose dynamite and tonite are employed. 
Dynamite possesses some dangerous properties, such 
as freezing ; the operation of thawing is and has been 
proved to be a dangerous one, except in the hands of 
skilled men. It is quite unsuited for estate work. 
Tonite, or cotton powder, is free from all these objec- 
tions. That manufactured by the Tonite Company at 
Faversham the writer has used for several years with 
perfect immunity. To use this explosive for sinking 
or blasting roots, 4-ounce cartridges are most suited. 
Sextuple detonators are used to explode the cartridge 
with a length of safety fuze attached. Thus Fig. 25 
shows a cartridge in a root ready for firing. 

The bore hole need not be tamped ; a piece of turf 
pressed into the mouth of it is sufficient. Care is to 
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be taken only to use the proper pair of fuze nippers 
supplied. The quantity of fulminate in the sextuple 
detonators is much too great to run any risk of ex- 
plosion. The fuze must touch the fulminate, and the 
mouth of the detonator very lightly nipped to prevent 
the fuze drawing out. 





Curtiidga 



Sectional. 



Tonite may be stored only as directed by the 
Inspector of Explosives (local), according to quantity, 
&c. 

Explosives may not be used in a fishery district in 
rivers, or to destroy fish. 

The cost of splitting 157 roots of trees with tonite 
was as follows ; one man and one boy employed : — 



Roots split up per day, average 
Shots per root „ 

Fuze „ „ . 

Detonators „ » . • 

Tonite in 4-oz. cartridges, per root 

„ 8-oz. „ 

Augers broken altogether 



5 
2 

2 feet. 
2 

2 cartridges 
in all 12 of these were used 
1 

M 2 



Digitized by 



Google 



164 BNGINEERINa FOB ESTATES 



Cost. 

Per root 
s. d, 
Tonite (2#. per lb.) in 4-oz. cartridges . .10 
Fuze and detonator 3^ 

Average cost . . • .13^ 

Adding to this cost per root for explosives, the 
labour per day at 7s. 6d., we have, for five roots split 
as an average day's work, to take 1«. 6d as the labour 
on each root, so that it is as follows : — 

Per root 
s. d. 

Explosives 13^ 

Labour 16 

Total cost 2 9J 

The average cost per root split with wedges was 
3s. 4^^. 

These roots were exceptionally hard stumps, some 
of which had defied wedging altogether. 

The saving of time by employing tonite was very 
great. The concussion of tonite being very great, the 
use of it near glass windows requires care. It can only 
be fired by detonation ; letting a cartridge fall is per- 
fectly safe. Detonators and cartridges may not be 
stored or sent together. 

EuLES FOR Blasting. 
Gunpowder. 

1. The person in charge of the magazine shall 
see that all engaged are sober and acquainted with 
the work. He shall only issue the actual quantity 
required in a closed tin can, and shall take every pre- 



Digitized by 



Google 



ON QUARRYING, BLASTING, ETC. 165 

caution required under the Explosives Acts for the safe 
storage and delivery of the powder. 

2. No light shall be applied to any fuze except by 
the chargeman after he has warned the rest of the men 
at work and satisfied himself that they are out of 
danger. 

When more than one blast' is fired at once, the 
lighters should take care that they do not pass a shot 
hole in seeking refuge. 

The shots in this case will be counted off by the 
chargeman as they explode, and he alone is to examine 
the after-effect. 

3. A missed shot shall not be unrammed. 

4. Mines Eegulation Act tools are to be used. 

5. Tamping, except with dry clay only, is for- 
bidden. 

Note. — Should an accident unfortunately occur, the 
ignited clothes of the injured are to be extinguished 
with a blanket. The eyesight, if damaged, to be 
treated by pouring in sweet oil and immediately pro- 
tected from all light (no attempt to see on the part 
of the injured person to be allowed). Bum mixture 
— viz. Carron oil and lime — to be freely applied to the 
burnt surfaces, which are then to be lightly covered 
with cotton wool. 

For this purpose — 

1 pint sweet oil, 

2 gallons bum mixture, 

3 blankets, 

20 lbs. cotton wool, 
per 16 men employed, to be kept on the spot, for which 
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the person in charge of the magazine is held respon- 
sible that they are there ready for use. 

Dynamite. 

1. Thawing to be done with hot water, as directed 
by the makers. One man only to undertake it. 

2. No shot to be touched with a rammer after the 
fuze is inserted. 

3. The fuze first to be placed on the detonator, 
nipped with the special nippers only, and then in- 
serted in the cartridges. 

4. Eules 1, 2, 3, 4 and 5 (Gunpowder), apply 
equally where dynamite is used. 

5. Detonators and dynamite are not to be stofed 
together in the same places. 

Tonite. 

The same as dynamite. 

The provisions of the Explosives Acts are to be 
observed strictly. 

When electric firing-keys are used, the master 
chargeman will not connect up at all till the men have 
been warned and have retired. 

In sinking, double the usual time to be allowed for 
shots to explode. The men to leave first, one only 
(the chargeman) to remain to light the shots. 

Caution, — The fumes of dynamite and tonite are 
dangerous. A proper fan blower is to be attached and 
rotated before the men descend. 

In sinking wells electrical firing is desirable. A 
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portable firing-key with directions is manufactured by 
Messrs. Apps & Co., of London^ which fires on depress- 
ing the key. No battery is required. Its price is 
about Si. to 4?. 

A number of shots may be fired simultaneously by 
means of electricity, but not when connected in circuit. 
A different form of fixing apparatus is required, called 
a multiple arc firing battery. A portion of the whole 
current passes through each fuze simultaneously ; this 
grouping of shots is much more efi'ective than single 
blasts, but if carried out on a large scale it is wise to 
have an electrician in charge, whilst on a small scale 
it is not desirable, except perhaps in well-sinking. 

In blasting under water recent experience has 
shown that the explosive must be in actual contact 
with the object to be removed to efiect demolition 
satisfactorily. The electric wire suitable for this work 
is No. 16 BWG G.P. covered, technically known as 
* Morse wire.' An 8-oz. tonite cartridge wiU generally 
suflBce to remove a sunk pile or large stone. If a grap- 
pling iron and chain be kept at hand, if the obstruc- 
tion be a large root, an opportunity may be seized of 
getting it out, as roots frequently come to the top 
after the shock of the explosion, when they can be got 
into shallow water. The cartridge may rest on the 
obstruction ; the column of water above it acts as a tamp- 
ing ; thus heavier charges will be required in shallow 
water. Four feet of water is an efficient pressure for 
6 to 8-oz. cartridges. 

The connections of an ordinary battery to a * quan- 
tity ' fuze are shown in Fig. 26. 



Digitized by 



Google 



168 ENGINEERINa FOR ESTATES 

On closing the circuit hj touching the zinc pole of 
the battery with the end of the return wire A, the fiize 
explodes. 

Fuzes, if required for single blasts, may be either 
those known as quantity^ or as tension fuzes, but those 
for grouped shots should be quantity fuzes. The 
former explode by the heat generated by the passing 

^ ^ Fig. 26. 

Carbon 



Battery 

Fuze 



i.. t ■ « > < fc.»-IUJ 




current in a fine platinum wire igniting a skein of gun- 
cotton ; thus the circuit s not broken ; the latter, or 
tension fuzes, explode a mixture by the electric spark 
leaping over a minute break in the circuit in the fuze. 
Thus with one Smee's cell the quantity fuze may be 
tested by the passage of a current from the cell, which 
is too weak to heat the wire when the charge is actually 
put down ready for firing. This test cannot be taken 
with a tension fuze. 
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PAET IV. 

STEAM AND MACHINERY, 



CHAPTER XVIII. 
STEAM BOILERS: VERTICAL, TUBULAR, AND HORIZONTAL. 

On Steam Boilers, Areas of Fire-grates, Safety Valves, &c., with 
Roles for Working Pressures, Testing Steam and Water Gauges, 
with Notes on Steam Saw-mills, and Sizes for Vertical Cornish 
and Lancashire Boilers, showing their Proportions. 

On this subject it may be said that the work to be 
done, and the fuel to be obtained, govern the type of 
steam boiler to be used. For light work a small engine 
and vertical boiler, such as those constructed by Messrs. 
Nicholson of Newark, are most useful ; they will bum 
peat, sawdust, or coke ; the engine is of the overhead 
crank type. 

For driving fixed machinery like a saw-mill, the 
horizontal boiler of the Cornish or Lancashire type is 
most desirable. For rapid generation of steam a 
vertical boiler with the now well-known Field tubes 
arrangement is used. It is not so much our province 
to recommend one type of boiler before another, or one 
firm of boilermakers in preference to another, as to 
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give such details as regards the generation of steam as 
will enable the reader to apply steam power for the 
several purposes to which it is recognised to be applic- 
able on landed estates generally. But a word of 
caution may be introduced here. When necessary to 
purchase a boiler, either proceed to the works where 
boilers may be seen in course of construction, or con- 
sult an engineer who is professionally qualified to 
prepare the specification. Avoid dealers in second- 
hand machinery, at all events when boilers are in 
question. The purchase of second-hand boilers is only 
possible when their previous history is known, and it is 
to be regretted that Grovemment does not insist on the 
date of first use and thickness of original plates being 
indelibly marked on each plate. 

Before preparing details for a boiler specification 
the following general properties of fuel in raising steam 
should be studied. 

When the feed water is introduced into the boiler 
at 212° F., or boiling point, the power of difierent 
fuels to evaporate the water is as follows : — 

Evaporative Power of Fuels. 

lb. of coke evaporates 9 lbs. of water. 
„ coal „ 9 „ 

„ slack 5, 4 „ 

„ oak (dry),, 4^ „ 

„ pine „ 2| „ 

Coked coal increases ^i^ th in bulk to store, but loses 
Jrd in weight in the process of coking. 
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I of a foot of area of firegrate is required to evapo- 
rate 1 cubic foot of water* 

24 lbs. of air are required for each pound of coal 
consumed. 

The rules for firegrate and heating surfaces for the 
class of steam boilers that are used for such purposes 
as estate work are obtainable by the following : — 

Areas of firegrates and horse-power (nominal) 
obtainable. 

G =e grate in square feet, 

p = nominal horse-power, 

H = heating surface in square yards. 

p = ^H X 9 

H= L' 

G 
H 

or per nominal horse-power a boiler requires, 
1 square yard of heating surface, 
1 „ foot of firegrate „ 
1 cubic „ water per hour, 
1 „ yard of steam capacity. 

For cylindrical double-fiued boilers the length and 
diameter divided by 6 is very nearly the nominal horse- 
power. 

Proportions for Tubular Boilers. 

Each nominal horse-power for tubular boilers 
requires — 
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1 foot cube of water per hour, 
10 square feet heating surface, 

i „ „ firegrate „ 
10 square inches sectional area of tube, 
13 „ „ flue area, 

6 „ „ chimney area, 

2 cubic feet steam room, 

8 „ „ total boiler capacity. 
Tubes to be ^ of their length in diameter. 

Cornish or Lomcaahire Boilers, 

Thickness of fire bars i to | inch, 

Width between „ | to ^ „ 

Inclination of „ 1 in 12, 

Minimum height of water over flue, 4 inches. 

Average „ „ „ 9 „ 

Inclination of cylindrical boilers (when setting) 
towards blow-oflT cock, ^ inch in 10 feet. 

Dimensions op Cylindeical Boilers. 



Nominal 
Horse-power 


Length 
of BoUer 


Diameter 


Diameter 
of Plues 


No. of Pines 




ft. in. 


ft. in. 


ft. in. 




1 


6 


1 9 


— 


— 


2 


7 6 


2 





— 


3 


9 


2 6 


— 


— 


4 


10 


2 9 








5 


11 


3 





— 


10 


16 


4 6 


2 


1 


15 


18 


6 3 


2 4 


1 


20 


20 


6 


1 9 


2 


25 


25 


6 


1 9 


2 


30 


28 


6 6 


2 


2 


35 


30 


7 


2 3 


2 
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The *duty' of an engine means the number of 
pounds weight lifted 1 foot high by a bushel of Welsh 
steam-coal, or 94 lbs. weight of coal. 

If C = lbs. of coal consumed per indicated horse- 
power per hour, 
and D = * duty ' of the engine in millions of lbs., 

D = ^^^'^^ 
c 

The weight of different classes of coal, and space 
occupied per ton in storing, are : — 

Coal Stobe Table. 



Coal 


Weight per Cubic Poot 


Space required per Ton 


Welsh anthracite 
„ bituminous 
Lancashire . . 
Newcastle . 
Scotch. 


lbs. 
58-25 
5300 
60-00 
50-25 
53-00 


Cubic feet 
33 
43 
44 
45 
43 



From the foregoing the general details necessary to 
lay out a boiler room or decide on the size and power 
of the boilers may be ascertained. The type of boiler 
depends entirely on the work required of it. In general 
an 8 horse-power horizontal engine (portable) is the 
most useful, but in dealing with boilers only and fixed 
machinery, it is advisable to have the boiler portable if 
the engine is fixed. Of this type a 10 horse-power 
(nominal) vertical boiler, standing 9 ft. 6 in. high by 
4 ft. 3 in. diameter, containing three cross tubes 9 in. 
diameter, weighing 47 cwt., is made by Messrs. Nichol- 
son, of Newark, which has proved in a long experience 
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to be the most economical for farm machinery that is 
fixed, or for general use to drive machinery when re- 
quired — i.e, when continuous daily work is not done and 
the boiler may be called upon to get up steam at short 
notice. 

Of horizontal boilers there are many types, and as 
their setting in brickwork requires experience, with a 
view to the boiler being accessible for inspection, it is 
desirable to have the opinion of an engineer. 

Prommg Boilers : Cold Hydraulic Teat. — ^To prove 
the strength of boilers the boiler is first filled with cold 
water, allowing all the air to escape; when full, all 
escape is shut off and the proof pump worked until 
the steam gauge reads twice the working pressure 
at which the boiler is worked ; if any leakage is ob- 
served or the pressure cannot be got up, or if when 
got up it slowly goes back, the boiler is defective, and 
must not be worked until the defect is found out and 
remedied. 

Proving the Steam Gauge. — Steam gauges are often 
unreliable. There are three types — the Bourdon gauge, 
that constructed by SchafiTer and Budenberg, and the 
well-known locomotive engine gauge of Smith', of 
Nottingham, used by the London and North-Westem 
Eailway. 

The gauge is proved by a mercury column at each 
pound of pressure to see that the dial records the true 
pressure. Thus 15 lbs. per square inch pressure is the 
weight of 32 inches of mercury roughly. When 32 
inches pressure of mercury are let into the gauge-pipe, 
the needle of the gauge should read 15 lbs. pressure. 
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and so on. The gauge may be roughly but practically 
tested against the water column of the fire hydrant 
main ; in this case, as water is only -^ih. the weight of 
mercury, the column of water to be used must be 32 
feet, not 32 inches^ or 12 times as heavy, to get a read- 
ing of 15 lbs. pressure per square inch. Eeference 
to Chapter IX. will show a table of relative pressures 
worked out for water and mercury columns. 

Gauge Olaaaes, — Of these every boiler should have 
one as a mounting, and trial cocks also ; but great care 
is necessary in fitting in the gauge-glass not to pinch 
it too tight by screwing up the washers that hold the 
packing too tightly, or the glass will probably break 
again. De La Bastie's patent toughened glass has 
not been found any more durable than the ordinary 
glass. Six spare glasses should always be kept, and 
broken glasses should be replaced at once; gauging 
from the trial cocks is most undesirable if it can be 
avoided. 

Injectors and Pumps. — Of injectors as auxiliaries 
to pumps nothing need be said. Griffard's injector gives 
the following results : — 

Q = gallon of water injected per hour. 

p = steam pressure divided by 15. 

D = diameter of throat of injector in inches. 

D = -0158 ^ Q_ Q = (63-4 d)VT 
Vp 

For stationary boilers an injector is desirable as an 
auxiliary to the pump. 
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The pump should be of the * continuous feed ' type. 
In saw-mills it will be desirable, if water is at hand, to 
arrange a simple and eflfeetive fire service by fixing a 
No. 1 Shand & Mason's patent fixed fire-pump. These 
pumps are so made that, with a banked boiler fire and 
only 6 Iba, of steam^ they will work. For factories 
they are invaluable. 

Sawdust with either damp or oil dropping on it is 
liable to spontaneous combustion, and in wood-working 
machinery the liability to fire is very considerable, the 
rates of insurance being proportionately high unless 
some extra precaution such as I recommend is observed. 
If machinery is worth erecting on an estate it is worth 
protecting, and the extraordinary want of precaution 
against fire in saw-mills that the writer's experience 
has shown him to exist on estates generally, where 
steam power is at hand, makes the rate of fire insur- 
ance for such buildings easily inteUigible. When the 
mill is not at work, the sawdust, &c., should be cleared, 
out of the building. The seasoning yard should also 
be clear of the machinery house. 

Safety Valves. — Firstly, let it be understood that 
lever safety valves sometimes stick, certainly not to 
the extent that the Admiralty would have us believe 
was the case on board H.M.S. * Thunderer' on the 
occasion of the terrible explosion of one of her boilers ; 
but nevertheless one of the levers must be occasionally 
lifted to release the valve and allow it to blow off. 
Every estate boiler should have a lock-up valve set at 
a maximum working pressure in addition to the ordinary 
lever valve. 
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The area of eafety valves and Jiregraiea is — 

A = firegrate area. 
s = safety valve area. 
s = -006 A, 
or '8 inch per nominal horse-power. 

The principle ahd proportions of the safety valves 
known as lever valves is shown in Fig. 27, and the 
following details — where d = diameter of valve in 
inches, a = its area, w = the weight in lbs., P, the 
pressure in lbs. per square inch on the safety valve, is — 

A C 

The proportions ? = D, and L = da give 1 lb. 
per square inch for each'l lb. at the end of the lever. 
Then— 

G = distance of centre of gravity of lever from 

fulcrum. 
w = weight of lever. 
X = weight of valve. 

G W 

— = pressure per square inch due to weight of 
^ ^ lever. 

~ = pressure per square inch due to weight of 
valve. 

The mitre of safety valves should not exceed ^ 
inch in width. 

For estate purposes Tumbull's patent safety valve 
the writer has found most suitable. 
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Feed Water arid Fuel. — It will be found tlig,t by 
placing a few sawn oak slabs or refuse into the feed 
well, suflBcient chemical action takes place to keep the 



Fie. 27 




boiler from furring. The higher the temperature of 
the feed water the greater the saving in fuel ; the 
feed water can be heated by a feed-water heater, by 
which 10 to 15 per cent, of fuel may be saved. The 
quality of the water is of importance ; if too hard, it 
should be softened by Clarke's process {see Chap. VIII.), 
or the boiler will soon deteriorate. Rain water should 
be turned into the feed tank whenever possible. 

Fuel is regulated as regards its nature to the locality ; 
boilers can be easily constructed to bum wood or peat ; 
but for economical generation of steam the Welsh steam 
coal, such as that supplied from the Harris Navigation 
Steam Coal Co.'s deep pit at Quaker's Yard is the best. 
Opportunity has aflforded me the means of pronouncing 
this coal to be quite the best for the above purpose, 
13 cwt. of it being found equal to 20 cwt. of the 
Bamsley coal in the generation of steam to drive two 
sets of duplex pumps. All Welsh coal requires is gentle 
raising from below with the pricker, not stirring up. 
It should become a white hot mass in the fire ; it is 
nearly, if not entirely, smokeless. The fire bars should 
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not be set too close, and kept well free of clinker, but 
if properly used such should not become formed. 

Incrustation. — The remedy for this is frequent 
blowing off. Two ounces of sal ammoniac thrown into 
the feed tank twice a week will prevent scaling becom- 
ing mischievous. Oak planks in the supply tank to 
the feed tank are also effectual. 

Inspection and Insurance, — The boiler should be 
insured in some such reliable oflBce as the Manchester 
Steam Users' Association.^ The effect of this will be 
to ensure regular inspection by competent boiler in- 
spectors and payment in the event of explosion. But 
insurance does not relieve the stoker or owner from 
liability, whether civil or criminal. Those employed 
about boilers or machinery should of course be insured 
in the Employers' Liability Association, so as to secure 
the owner. 

The stoker of a boiler when in steam should not be 
called off to help at other work. A steam gauge should 
be fixed in the engine-room as well as on the boiler. 

The Boiler Explosions Act requires a report of acci- 
dents involving loss of life or injury to be forwarded 
within 24 hours to the Board of Trade, Whitehall, 
under penalty for neglect. This applies to all boilers 
of every description on land within the United King- 
dom. 

Steam Scalds. 

When steam is used, those that use it should know 
what to do in case of scalds ; they are especially likely 

' See Appendix. 

K 2 
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to occur with bursting of gauge glasses. If the glass 
has inflicted a cut it will be easy to tell if the glass is 
left in by gently feeling round the cut ; a smart prick 
shows the glass to be still there, and the wound should 
be left open for the doctor to deal with. A plug of 
cotton wool put on the wound will soon stop its bleeding 
unless a vein or artery has been cut, when pressure 
should be applied on the blood-vessel by putting a flat 
pebble on the vessel and securing it tightly with a 
bandage ; or an indiarubber tourniquet may be applied. 

Inhalation of hot steam will scald the larynx, and is 
very dangerous. If it has been inhaled the person 
should go home at (mce with a cotton- wool pad held to 
his mouth, and be kept in a temperature of not less than 
68** F., till the sore throat, that is sure to follow, has 
entirely gone. He should speak to no one, which is 
impossible unless some one goes with him to explain 
how it occurred. 

Scalds on the body should be treated with engine 
oil, Twt mi/neral oU, and excluded from the air with 
pads of cotton wool well soaked in oil, as quickly as 
possible. 

Oil is to be poured into the eyes if the steam has 
gone anywhere near the lids. 

Neither in bums nor scalds are the clothes to be 
removed except the outer ones, and then only if they 
are wet ; they must be gently cut oflF with scissors. 
In a very bad case of scalding endeavour always to 
convey the suflFerer so that he rests if possible on a 
sound place. He should be laid in a blanket with his 
legs resting on pads of oiled wool, and the same sort 
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of pad placed wherever a scalded place will touch. He 
should be entirely covered, before starting, with a 
blanket. Once a bum or scald is covered from the air 
it should be, if possible, hardly exposed 10 seconds when 
re-dressed. This must be impressed on the minds of 
all if the man is at his own home, otherwise his family 
will look at the wound instead of dressing it. The 
new dressing should go on bit by bit as the old one 
comes oflF, the whole object being to try not to expose 
the wound at all to the air. 

Sanitas oil is highly desirable in dressing bums that 
are deep. The writer has found it keep the wounds 
sweet, and in hot climates flies do not collect. 
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CHAPTEE XIX. 

STEAM POWER AND ENGINES. 

On Steam Power and Agricaltnral Steam Engines — On Portable, 
Locomotive, and Steam Ploughing Engines and Ropes — On 
Fowler's Systems and the Compound Principle in Traction and 
othdr Engines nsed in Steam Ploughing. 

One horse-power is 33,0001bs. lifted one foot high in 
one minute of time. 

The indicated horse-power of an engine is as 
follows : — 

A = area of piston in square inches. 

p = average steam pressure in cylinder in lbs. 

per square inch, 
s = length of stroke in feet. 
R = number of revolutions per minute, 
r = „ „ second. 

The indicated horse-power is — 

2 APRS 

33,0000 
_ 2 APrs 
- 550 

One British horse-power= 1*0139 French horse- 
power, or 4,500 kilogrammStres per minute. 
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The proporfcioii of speed obtainable by pulleys 

VXD 

driven by belting is t; = — — - where v is the velocity 

of the driving pulley ; t;=that of the pulley driven ; D 
is the diameter of the former, and d that of the latter. 

Long belts are preferable to short ones. 

In general an 8 horse-power portable engine is 
suflScient for all practical purposes on an estate; as 
already explained, a small vertical engine and boiler 
of the overhead crank type is perhaps best for interior 
work in a ferm or cheese fectory or dairy works. 

The engines, therefore, we have to consider are 
the portable type and the traction and steam plough 
engines of recent manu&cture. 

Of the portable type, although made up to 12 
horse-power, nevertheless 8 horse-power is suflScient. 
Every description of this type is manufactured in 
England ; indeed, there is not a country in the world 
where agriculture is practised as something more than 
a livelihood where English portable engines may not 
be seen. Of this type that manufactured by Messrs. 
Nicholson has one or two points worthy of attention. 
In these engines the crank shaft and cylinder are 
moimted on brackets, and these brackets form a per- 
manent piece of the boiler as regards construction ; 
none of the fixing bolts pass through the shell of the 
boiler, thus the boiler is left free to expand, and, the 
strains to the motion of the engine being avoided, the 
friction on the connecting rod brasses is reduced to 
a minimum. Another point is that the engine and 
boiler can be easily dismounted and set up on brick 
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work as a stationary engine. The useful sizes and com- 
parative cost are as follows : — 



DUmeterot 
OrliBder 


Stroke in 
Inches 


Speed 


Fly-wheel 


Cost 


Inches 






Ft. In. 


£ 


H 


8 


175 


3 6 


108 


7 


10 


150 


4 3 


164 


8* 


12 


126 


4 6 


186 


H 


12 


125 


5 


218 



These engines will bum very inferior fuel, such as 
wood, cotton refuse, or maize stalks. 

When using an engine of this type to drive a 
circular saw it is important to sprag the wheels well, to 
prevent the engine acquiring a rocking motion in uni- 
son with the stroke. It is also advisable to open the 
blow-oflf cock at the end of the day's work with a few 
pounds of steam pressure, so as thoroughly to clear out 
all sediment from the boiler. 

The remaining type of engine we have to consider 
is the locomotive or traction engine, and the steam 
ploughing engine with its ropes and gear. 

This introduces the subject of compound engines. 
Steam, when admitted into a cylinder, effects its work 
by its expansion : at the end of the stroke, that steam 
is cut off and escapes by the exhaust pipe, having done 
its work ; but it still possesses a considerable degree 
of expansion, as may be recognised by its noise escap- 
ing. A simple engine may be and should be provided 
with variable expansion gear, by which the * cut off ' of 
the steam may be secured at any desired point, the 
piston thus being made to travel with only one-half to 
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one-third the original volume of steam the whole length 
of the stroke. The expansion of the steam eflfects the 
rest ; thus in Fig. 2S — 



Fig. 28 

A B c D represent the steam cylinder with the piston 
head at each part of the stroke. Steam is admitted at 
A, the piston travels to c when the steam is cut oflF, it 
runs the distance C D — that is, working simply. Now, if 
we alter the length of the slide valve eccentric rod so 
as to alter the proportions A B c D and cut the steam 
oflf when the piston arrives at b, trusting to the natural 
expansive force of the admitted steam in a b to drive it 
to c, then in the first case we use two-thirds of the cubic 
contents of the cylinder in steam per stroke, and in this 
latter case only one-third. This arrangement to regulate 
the length of the slide-valve rod is eflfected by what is 
called a * link motionj and may be well adapted with 
reversing gear, to reverse the motion of the engine 
and to regulate the ^ point of cut-off^ as explained. 
An engine thus constructed is called an engine work- 
ing expansively, or an engine with variable expansion 
gear. It is an essential point in economy that portable 
engines should be so constructed. When the work is 
heavy, the cut-oflF should not take place so soon as it 
may when it is light. 

Passing on from the expansive principle above 
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described we come to the steam engine in its perfected 
state — viz. the compound engine. 

Here the same principle of expansion is adhered 
to, but the whole high pressure work of the steam is 
first secured in the high pressure cylinder ; it then ex- 
hausts into the low pressure cylinder, and is there 
stripped of its remaining energy, finally exhausting 
from this latter cylinder at a reduced pressure of only 
8 to lOlbs. per square inch ; thus, instead of frighten- 
ing horses, as single engines often do by the noise of 
their exhaust, a great economy is effected, and a silent 
exhaust is secured in using a compound engine. Thus 
for traction or locomotive purposes or steam plough- 
ing a compound engine is the engine to use. Mr. 
F. Webb, C.E., of the Crewe Locomotive Works, has 
applied the compound principle to railway locomotives 
with a saving of from 15 to 20 per cent, of fuel, and 
the fact that such engines as the ' Economist,' * Com- 
pound,' and * Experiment,' on the L. & N.-W. Eailway 
have performed the Irish and Limited Mail train ser- 
vices shows that the compound principle is not incom- 
patible with high and continuously maintained speeds. 
But in agricultural locomotives the economy secured 
and the comparatively silent exhaust is of the greatest 
importance, as coal and water can only be carried to a 
limited extent, and the public objection and antipathy 
to traction engines is their noise.* 

* See Highways and Locomotive Act and Bye-laws at the 
office of the Clerk of the Peace for the County before using the 
engine. 
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Compound Traction Engine for General • 
Purposes. 

The most useful traction engine for farmers' work 
and general estate work, where a locomotive is desirable, 
is the above, which is the manufacture of Messrs. John 
Fowler & Co., Leeds, who have been the pioneers and 
introducers of the compounded principle in agricultural 
locomotives. 

The following tables give the details of both the 
simple and compound locomotive engine for general 
and for road work. Waggons holding from four to six 
tons each vary from 60i. to 901, each. 

The compoimd engine saves 30 per cent, in fuel 
and water compared with the simple engine ; thus it 
will travel one-third greater distance for the same 
quantity of water — a very important point. 

In the compound engine will be seen a small valve 
that opens a direct passage between the steam chests 
of the two cylinders. This is an independent valve 
to that of the starting lever, and closes itself by the 
steam pressure at the back when the engine-driver 
releases his hold of it. This valve is used to start the 
engine in any position of the crank. The exhaust is 
about Bibs, pressure and almost noiseless. The writer 
has had many occasions of testing the work of these 
engines, and they certainly combine eflSciency and 
economy with simplicity, and with ordinary care 
should last a very long time. The general engine is 
most useful in clearing woods and sawing timber. Its 
employment is regulated by the demand for such 
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EXTBAB. 



Crane and gear 
Spring .... 
Injector and fittings 
Spark arresters 
Enlarged fire-box . 
Packing for shipment . 


ClassD 
£30 

10 
4 
8 
6 


ClassA 
£50 

10 

4 
10 

8 


Class B 
£76 

10 

4 

12 

10 


ClassG 

£10 

4 

15 

12 



NoTB. — Each engine is fitted with winding forward drum, and 
50 yards of rope. 

power, and the agent will bear in mind that he should 
let his engine out on hire when he has no work at 
home, but always in charge of his own men. It is to 
be noted that Messrs. Fowler's boilers are of steel, not 
iron; the horse-power is the actual eflFect, not the 
nominal horse-power. 

Stewm Ploughing Engines a/ad Tackle. — Of these 
there are two systems in use one is the single engine 
system with double drum, the other the double engine 
system with single drums. The former is applicable 
for a private owner on a medium scale, the latter as a 
system for hire or for reclamation on a large scale. 

The single-engine system pulls the plough across 
the field with one drum and back with the other ; in 
the double-engine system the plough is worked to and 
fro by each engine alternately, one being on each head- 
land ; they thus can move on without delay into the 
next field. Thirty to evQn 50 acres can be ploughed in 
a day by the single-engine tackle, and a most ingenious 
arrangement of anchor is now constructed by Messrs. 
Fowler that moves along the headland as required. 
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The accompanjring figure shows the whole system 
better than any explanation. Experience in the Colo- 
nies showed the writer how admirably both systems 
worked. 

The Douhle-engine System. — The result of the re- 
clamation experiments on the Duke of Sutherland's 
property at Kildonan with this system on the Kilbrace 
farm showed that reclamations could be eflfected for 30Z. 
per acre ; but with the experience gained there it might 
be very much less expensive in future operations of the 
sort. The land was trenched 2i feet deep for 4L per 
acre, whereas the cost by hand is stated to approach 
20i. per acre. The compounded principle is of course 
applied to these engines. 

Wire Rope. — Hard steel wire rope of the very best 
quality is everything in steam cultivation. It is sup- 
plied in the following lengths : — 

£ s. d. 
For 20 horse-power tackle 36 wires cost 8 10 per 100 yards 

„ 16-14 „ „ 30 „ ,,700 

„ 12-10 „ „ 24 „ „ 5 10 

„ 6 „ „ 20 „ „ 4 10 

„ windlass tackle 20 „ „ 4 10 „ 

Cost of Plant. 

A double-engine set complete, ready to work, costs 
from l,270i. to 2,270i. for 20 horse-power tackle for 
reclamation work, &c. 

A single engine set costs about 800Z. 

A small double-engine set, suitable for an estate, 
is also supplied at an approximate cost of 800^. 
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These are from particulars kindly furnished me by 
Messrs. John Fowler in August 1884, and it will be 
at once seen that a distinct advance has been made by 
them, by bringing such plant within the wants and 
means of those who wish to avail themselves of steam 
power either for the purposes of traction or agricultural 
cultivation. 

The reclamation of moor land when the soil is 
calcareous {refer to Chapter XIV.) is now a practicable 
operation. If the soil is silicious the results will pro- 
bably be disappointing. But the writer cannot admit 
the present extraordinary interference with contract to 
be the means of stimulating such agricultural enter- 
prise. The whole future benefit of a reclaimed soil is 
the sole property of the owner who reclaims it, but 
legislation of that mischievous type that believes the 
farmer to be unable to make his own bargain with his 
landlord provides that the subsequent cultivator shall 
be compensated for h/vs improvements. It is urged 
that the farmer, by thus securing his capital, carries 
on the good work of improvement. My practical 
experience is that he does nothing of the sort, and 
leaves the farm in a few years so foul that it has to be 
steam cultivated. Therefore, reclamation should be 
looked upon solely as an owner's risk and benefit — i.e. 
reclaimed farms should be held for at least ten years 
by the owner. 

For engines working expaDsively the following 
tables are of use as instances of the explanations of each 
type of engine oflFered : — 
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Table 


OP Steam used 


Expansively. 






Average Preesure of Steam in lbs. per square inch for the whole 


Initial 






Stroke 






Pr6BSurG, 














lbe.per 
sq. in. 




Portion of Stroke at which Steam is cut off 




1 


ft 


I 


1 


i 


i 


5 


4-8 


4-6 


4-2 


3-7 


3-0 


1-9 


10 


9-6 


9-2 


8-4 


7-4 


6-9 


3-8 


16 


14-6 


13-8 


12-7 


11-2 


8-9 


5-8 


20 


19-3 


18-4 


16-9 


14-8 


11-9 


7-7 


25 


241 


22-9 


21-1 


18-6 


14-9 


9-6 


30 


290 


27-5 


25-4 


22-3 


17-9 


11-5 


35 


33-8 


32-1 


29-6 


260 


20-8 


13-5 


40 


38-6 


36-7 


33-8 


29-7 


23-8 


15-4 


45 


43-4 


41-3 


38-1 


33-5 


26-8 


17-3 


60 


48-3 


46-9 


42-3 


37-2 


29-8 


19-2 


60 


67-9 


56-1 


60-7 


44-6 


35-7 


231 


70 


67-6 


64-3 


69-2 


521 


41-7 


26-9 


80 


77-3 


73-6 


67-7 


59-5 


47-7 


30-8 


90 


86-9 


82-7 


761 


66-9 


63-6 


34-6 


' 100 


96-6 


91-9 


84-6 


74-4 


69-6 


38-5 


110 


106-2 


1011 


93-1 


81-8 


65-6 


42-3 


120 


116-9 


110-3 


101-5 


89-3 


71-6 


46-2 


130 


126-6 


119-4 


1100 


96-7 


77-5 


600 


140 


135-2 


128-6 


118-5 


104-1 


83-4 


63-9 


160 


144-9 


137-8 


126-9 


111-6 


89-4 


57-7 


160 


164-6 


1470 


135-4 


119-0 


96-4 


61-6 


180 


173-9 


166-4 


152-3 


133-9 


107-3 


69-3 


200 


193-2 


183-8 


169-2 


148-8 


119-2 


77-0 



Tebhinal Pbbssubb. 
Jlule for Finding the Pressure at the End of the Stroke, or at 

any Point d/wring Expansion. 
Pot initial pressure of steam in lbs. per square inch, inclading 

the pressure of the atmosphere. 
Z» distance travelled by the piston before steam is cat off. 
L» distance travelled by the piston when the pressure of the 

steam sX. 
X = Pressure of steam in the cylinder, including the pressure of 

the atmosphere, when the piston has travelled a distance L. 

x=Ei. 

The pressure of the atmosphere is to be included in calculating 
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the expansion ; it most therefore ,1)6 dedncted from the results in 
high-pressure engines. In condensing engines a deduction must be 
made for imperfect vacumn ; this will amount to about 2^ lbs. per 
square inch in well-proportioned engines. 

Expansion of Compound Engines. 

A » area of the large cylinder. 
a=B „ small „ 

L — length of stroke. 

Z» distance travelled by piston before steam is cut off in small 
cylinder. 

E = rate of expansion » — ... 
al 

The mean pressure of steam in lbs. per square inch may be 

taken as if it acted upon the large cylinder only, and the steam 

were cut off at -— th of the stroke. 
E 

The best proportion of a to A = — ^e^ or a := — =- 

■^ a/E 

Best Pbopoetion op Capacity op Cylindebs and Point 
FOE Cutting opp Steam. 



No. of tixneB Steam is 


Beet Point for cutting 


to Large Cylinder 


to be expanded 


off Steam 


4 


•60L 


•60A 


5 


•45L 


•46A 


6 


•41L 


•41A 


7 


•38L 


•38A 


8 


•36L 


•35A 


10 


•32L. 


•32A 


12 


•29L 


•29A 
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CHAPTEE XX. 

PUMPS AND PUMPING MACfflNERY. 

On Pumps, Ste£^^m and Mechanical — On the Pulsometer Steam 
Pump — The Principle of the Siphon, and on the Transmission 
of Power by Compressed Air. 

The principle on which all pumps work is the creation 
of a vacuum in the pump barrel, when the water enters 
to fill the vacuum produced. Such a pump is termed 
a plain lift or suction pump.^ The pressure of the 
atmosphere, taken roughly at 15 lbs. per square inch, is 
sufficient to maintain a column of water to 30 feet ; 
thus the limit of the working power of a pump of this 
description is 30 feet in depth. It will raise water 
from a depth of 30 feet and no more. 

The contents of any pump are as follows : — 

D = diameter of pump barrel in inches 

s = stroke of pump in inches 
D^s X •7854= cubic inches per stroke. 
D^s X -002833 = gallons „ 

D^s X .0004545 = cubic feet „ 
D^s X '02833= lbs. of fresh water per stroke. 

When the depth exceeds 30 feet a compound pump, 

^ For tube wells and pump, see Appendix. 

o 2 
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or Mift and force pump' as it is called, must be 
used. 

Here the down stroke of the suction cylinder piston 
expels the water into the forcing cylinder ; thus, each 
time the suction chamber empties, it forces the water 
up the rising main. If this is effected in one cylinder, 
by double arrangement of valves, then the pump is 
called a double-acting lift and force pump. 

In machine pumps it is most essential that they 
should be mounted on a strong iron or light steel frame. 
This frame should be all in one piece. Secondly, the 
suction pipe should always be provided with a foot 
valve ; and lastly, the pump valves should be accessible 
and of gun-metal. 

When the pumps are placed in the well at any 
depth, they should be mounted on a secure iron bracket 
staging, with an iron ladder leading down to them. 
This stage should have a coaming all round it, so that 
if nuts come unscrewed, they may not fall off the 
stage into the water, and there should be spare space 
on the stage for a man to disconnect the whole pump 
easily. 

An improved double-barrel force pump, in use very 
largely on the Great Indian Peninsular Bailway, lifting 
20 feet, and delivering 50 feet high with Sj-inch barrels, 
gave 800 gallons per hour. 

The same form of pump with 4-inch barrels gave 
1,100 gallons per hour, the loss per 100 gallons pumped 
being 0*8 per cent. These pumps were sent out by 
Messrs. Shand and Mason, and cost about 35Z. each. 

With horse gear and S^-inch barrels (two), 620 
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gallons per hour can be raised from a well 50 feet deep ; 
with treble 3^-ineh barrels the quantity raised is in- 
creased to 780 gallons. Heavier gear with 4-inch 
barrels for a strong horse will yield 1,300 gallons per 
hour. 

Hydraulic Three-throw Pumpe. — The power derived 
from a fall of water to drive a turbine or water wheel 
may be made by very simple attachments to drive a 
set of three throw pumps for water supply. At Albury 
Park, Guildford, a turbine erected by Messrs. Easton 
and Anderson is engaged to pump, when not driving 
the laundry machinery, by means of these three-throw 
pumps. 

Steam Pumps. — These are of two classes, rotary and 
direct acting. Direct-acting pumps have a disagreeable 
ram action that prohibits their use within buildings 
For this purpose the duplex steam pump (Easton's 
patent), should be used. The writer fixed two in Queen 
Anne's Mansions, St. James's Park, London, to return 
the hydraulic lift waste water to the tanks on the roof 
of the building, in place of two 401b. and 601b. special 
pumps that were direct acting and the noise of which 
could be heard all over the house. The rising main 
was 4^ inches, 135 feet high; with 401b8. steam 
pressure each set of pumps threw 4,960 gallons per 
hour. Their cost was 290Z. They cost 91. 10s. each 
in brickwork and cement setting. Of rotary pumps, 
Appold's centrifugal] pump is most conmionly em* 
ployed for pumping out water, &c. It is driven with 
a belt from a steam engine. The sizes of pipes for all 
centrifugal pumps of this type are : — 
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Table for Centrifugal Pumps only. 



aallons per Minate 


25 


70 


150 


300 


500 


1,400 


; Diameter of 8UC- 
i tion pipe 
1 Diameter of de- 
I livery pipe . 


2 


4 
3 


6 
4 


6 
5 


7 
6 


8 

7 



Powerful steam pumps, such as are used in coal 
mines and for town water supply, are not required except 
where professional advice has been obtained ; a descrip- 
tion, therefore, would be superfluous. The Pulsometer 
steam pump acts on Savory's principle, and is a direct- 
acting pump somewhat on the principle of the human 
heart. It is invaluable for pumping out foundations, 
limestone quarries, and especially where the water is 
foul ; it may be slung in chains over the water, and 
one great advantage in its use is the absence of all 
motive parts and exhaust steam. For pumping out 
flooded headings in mining operations this latter 
quality is invaluable. The Pulsometer Engineering 
Co. let these pumps out for hire. It will deliver to 70 
feet, but may be made to deliver into a second pump, if 
140 feet of delivery is required. It will pump coal 
washings or liquid manure. 

Hydraulic Rams. — These yield about 30 feet in 
height for each 1 foot of fell. They are used when a 
fall of water is available and a wheel not required. 
They should be well protected from frost. There 
are occasions when, by maintaining the level of the 
supply pipe and carrying it some distance, a consider- 
able fail may be secured with a free outlet ; the natural 
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slope of the ground should determine their use in this 
way. A ram to throw 1,000 gallons per day costs 
about 60Z. They are invaluable on a dairy farm. 

The working pressure of lead pipes is -j^th the 
bursting strain. 

The Transmission of Power by Compressed Air. — 
When it is required to transmit power from a fixed 
steam engine to a point at a distance, without the use 
of belts or shafting, the steam engine may be made to 
compress the air in an air compressor to a considerable 
pressure ; this pressure is then released in an air engine 
at the point where the power is required, the only 
connection between the two engines being the air pipe. 
This may be the case in quarrying, or in sinking wells, 
when the Ingersoll air rock-drill may be employed with 
very great advantage by means of compressed air. 
451bs. per square inch is a sufficient pressure of air to 
work at. Glycerine will be necessary for lubricating 
the working parts of the air engine in place of oil. 
The experiments at the Powell DuflFryn Collieries 
(where 26 air engines are driven from one air com- 
pressor) showed about 45 per cent, of useful eflfect. 
The velocity of the air in the conducting pipe should 
not exceed 5 feet per second, or unnecessary friction 
would be set up. To ensure good results, plenty of 
receiver room should be allowed, so as to secure a 
steady flow of air, and not waves or impulses in the 
conducting pipe. The injection of water in the form 
of a spray into the air cylinders is of importance. Full 
particulars are given on this subject in a treatise by 
the author on * Colliery Ventilation,' where hauling by 
air locomotives is also described at length. 
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Siphon Discharges i/n place of Pumps for Low-level 
Draimage. — The effect of the siphon is the same as that 
of a simple pmnp. So long as the column of water to 
be supported does not exceed 30 feet in height, the 
siphon will work. For low-level outfall drains an 
arrangement of siphons in rows may be applied, fitted 
with flap valves to maintain the vacuum, and thus ob- 
viate the necessity of using a steam pumping engine. 
The exhaustion of the siphons may be performed by an 
ordinary windmill driving an air pump connected with 
the siphons. Examples of such an arrangement may 
be seen in the Fen drainage out&Us ; and indeed, before 
any large scheme of drainage of that nature is gone 
into, a visit to that district or to Holland will repay 
the trouble. In all low-level drainage it must be con- 
stantly borne in mind that the cut or low-level drain 
must be wide and deep enough to be a reservoir as 
well as a drain. Plenty of margin should be left in 
calculations to admit of heavy rains being carried oflf 
by the land drains into it without raising its height 
appreciably to endanger the outfalls of the side land 
drains. The rainfall over the area of the great drain 
must not be neglected in such works. 
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CHAPTEE XXL 

STEAM AND MANUAL FIRE ENGINES. 
On Steam and Manual Fire Engines, with Directions for Use. 

As we have already explained, hydrants are only appli- 
cable where very great pressures are available. It is 
the force of the water more than its volume that extin- 
guishes fire. It is practically an acknowledged fact 
that a manual engine is not a protection to a large 
country house. If the fire breaks out at night men 
have to be collected to work it, and often the same is 
the casein the daytime; on the other hand, steam fire- 
engines are ready to work fifteen minutes after lighting 
their fires, require no gangs of men to be collected, and 
are of immense power. It is urged that they are liable 
to get out of order, that a special man must be kept to 
look after them, &c. ; but a very considerable experi- 
ence shows such is not the case. In practice it will be 
found that a steam fire engine will be ready to pump 
with steam up long before a manual engine can be got 
to work at a country house, and a steam engine is far 
more economical. In support of this, at a fire at 
Beale's Wharf, London Bridge, there were 9 steam fire 
engines at work from 6 to 11^ hours at a total cost 
of SI. 188. Sd. They threw 1,368,452 gallons of water. 
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or 6,109 tons. To effect this, 89 manual engines would 
have been required, with 2,402 men to work them, 
costing for labour and refreshment 623Z. Again, at the 
St. Katharine's Docks, 9 steam engines, throwing for 
3 to 10 hours in all a total of 938,481 gallons for a 
cost of SL 18«. 5d.f if replaced by manual engines would 
have required 1,904 men to work them at a cost of 
476i. The equivalent number of manual engines 
would have been 41. Then the proportion of cost of 
steam to manual engines is 1 to 121 ; or a steamer will 
pump 251,000 gallons for 20 shillings, whilst for the 
same sum manual engines will only pump 2,227 
gallons. Steam was got up at Preston, in one of 
Shand and Mason's steam fire engines, to the working 
pressure of lOOlbs. per square inch from cold water in 
6 minutes and 35 seconds. I have frequently seen 
steam got up easily under 15 minutes by men not 
specially accustomed to the work. 

There are many forms of fire engines, but those 
most commonly used are almost all of Messrs. Shand 
and Mason's manufacture, both manual and steam; 
and in the Admiralty and other Grovemment Depart- 
ments the preference has decidedly leant towards their 
steam engines, two-thirds of the Metropolitan Fire 
Brigade steam fire engines being constructed by them. 

We therefore give general instructions how to treat 
manual and steam engines of their construction so as 
to have both types always ready for use. It is essential 
that at least three persons should be instructed in the 
method of getting up steam, which is very simple. 
Whoever first discovers fire should proceed to the 
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engine-house, and if he cannot get up steam himself, 
send for the stoker, or, if an alarm is used, it may be 
an understood thing that the stoker of the engine 
proceeds at once to the engine to get ready to com- 
mence pumping as soon as he hears the alarm. Of 
this sort of alarm, by far the best is a guncotton 
rocket or ship's distress signal. Experiments were 
carried out by the writer with these rockets, and both 
by night or by day they may be heard from 5 to 12 
miles. The Tonite Company are the manufacturers, in 
Queen Anne's Grate, London, S.W. Bells are utterly 
useless as a fire signal in the country ; the man engaged 
in ringing the alarm would be better employed getting 
up steam in the engine, and as three men are suflScient 
to work with a steam engine where twelve are required for 
a manual, the water can be poured on the fire without 
the fatal delay that always occurs with manual engines 
in the country. It has been reported to the writer, in 
almost every instance into which he has inquired, that 
* if the engine could have been got to work at once, 
the fire might have b^een extinguished;' and in the 
present day, those who depend on fixe extincteurs and 
manual engines lean on a broken reed. A long series 
of trials of chemical extincteurs, carried out by the 
writer to test their efficiency, showed them to be 
infinitely inferior to a Brigade hand pump. On three 
bales of cotton nine extincteurs were utterly powerless 
against spontaneous combustion in the cotton generated 
purposely by means of acetic acid. It should be 
observed that, in dealing with fire in ricks, if only one 
rick is on fire, due respect should be paid to saving the 



Digitized by 



Google 



204 ENGINEERING FOR ESTATES ( 

others at the expense of that one, by placing blankets 

or rick cloths kept constantly wet on their exposed 

sides. One most important point may here be urged. i 

Farm buildings should not be built continuously as j 

regards timber on the roof. Whenever or wherever a ! 

partition wall can be made a fire-proof division by 

making it 18-inch brickwork and terminating all tim- ' 

bers in it, it should be done. For the same reasons 

wooden spouting is most dangerous to farm buildings 

in case of fire. 

The precautions to be observed in using manual 
engines and their care are very simple, being as 
follows : — 

Manual Engines. 

1. The pistons should be always covered with salad 
or olive oil, to keep the leather cups moist, and for 
lubricating the cylinders ; the bearings should also be 
oiled before going to work. The wheels and axles re- 
quire the same attention as in an ordinary carriage. 

2. The tube by which water is drawn into the 
engine is called the suction pipe, and may be made of 
leather or india-rubber, with an internal spiral wire to 
prevent collapse from the external pressure of the 
atmosphere; to the extremity of this is attached a 
copper strainer to prevent the admission of any sub- 
stance that would not escape through the jet pipe. In 
use this must be screwed up tight. 

3. Water is conveyed from the engine to the fire 
by delivery pipe or hose, which may be made of leather, 
woven canvas, or india-rubber. To the extremity of 
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the hose, a copper tube called the branch pipe is at- 
tached ; and this is again fitted with a short moveable 
tube called the jet pipe, shaped so as to deliver the 
water in the most efficient manner upon the fire. The 
suction and hose pipes are fitted with screw couplings, 
by which they are attached to the engine and to each 
other respectively. 

4. The leather pipes after being used are to be hung 
up to drain, and, while partially wet, dubbing is to be 
laid on with a brush, and this should be done at least 
four times a year. Canvas and india-rubber pipes 
merely require keeping clean and dry. The hose and 
implements should be kept in their respective places 
in the engine ready for use.^ 

5. When the engine is to be worked, place it as near 
the supply of water as possible ; fix the locking carriage 
by means of the iron pin provided for that purpose. 
Screw on lengths of suction pipe to reach into the 
water with the strainer at the end, all the joints being 
tightened with the hose wrenches; then screw on 
lengths of hose to reach the fire, with the branch and 
jet pipe at the end, which may then be conveyed up 
or down stairs, or in at the window of a room as occa- 
sion requires. 

6. Should any obstruction to the water appear in 
working, the engine should be immediately stopped to 
allow of the rubbish that may have accumulated round 
the strainer being cleared away. On returning from 
a fire it is advisable to pump clean water through the 

> The fire engine to be kept in a detached building, secure from 
fire itself. 
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engine, to remove mud, gravel, stones, &c., that may 
have been drawn into the works. 

The cost of manual engines varies greatly with 
what appliances are required. Of course, where hy- 
drants exist, the same gauge of hose should be used 
for all. 

The management of a steam fire engine of Shand's 
construction is practically described for reference in 
the following, of which a copy or two should always be 
kept printed on card for pocket reference by those 
qualified to act as stokers. 

Other forms of power engines, such as pumps driven 
by horse gear, may be used, but in practice the steam 
fire engine is superior in every way on an estate. It 
may be found desirable not to go to outside fires oflF 
the estate except an annual gratuity is paid to en- 
courage smartness in a private brigade ; that is purely 
a matter of organisation. The writer's rule has been 
II. for every country or private house, 10«. for every 
fiirm placed on the list for service, and all damage to 
engine or hose to be paid for by the person owning 
the property saved. This money is distributed as gra- 
tuity amongst the brigade annually before Christmas. 

It is always to be borne in mind that oily cotton 
waste, oily paper and rubbish generally is excessively 
likely to ignite spontaneously, and that the use of 
poplar wood is desirable as a backing for oak panelling, 
&c., on account of its fire-resisting qualities. Mineral 
oil casks should be kept outside the house. 



Digitized by 



Google 



STEAM AND MANUAL FIKE ENGINES 207 

Instructions for Using and Keeping in Order 
Shand, Mason, and Co.'s Patent Steam Fire 
Engines. 

Peculiarities of Boiler. — In order to generate steam 
rapidly, the water space in the boiler is smaller, and 
the firegrate larger, than in ordinary steam boilers, 
requiring greater care and attention in management, 
so as not to unduly reduce the water level, or increase 
the steam pressure. 

Method of filling Boiler. — Unscrew the plug on 
the blast cock, and screw on in its place the funnel 
sent with the engine ; when water is being poured in, 
the upper gauge cock should be opened to allow air to 
escape. On no account put water in at the safety 
valve. The boiler may also, if preferred, be filled by 
a portable fire-pump, the hose of which fits the nozzle 
of the blow-off cock. This pump is also a useful fire 
brigade appliance, and can be procured at a small cost. 

Levd of Water in Boiler. — There are three openings 
in the guard of gauge glass ; the two lower ones should 
be kept covered by the slide, the water showing half 
an inch in the highest and longest opening before 
lighting the fire. For greatest expedition in raising 
steam, the slide may be raised and the water lowered 
to the bottom of middle opening ; but, immediately on 
starting the engine, the feed water should be pumped 
up till it stands at two inches above the bottom of the 
highest opening in the guard of gauge glass, which is 
the proper water-line, and at which level it must be 
maintained. 
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Olasa Tube of Water Gauge. — Should the glass tube 
of water gauge be broken, the cocks are to be shut and 
a new tube inserted, even when the engine is at work, 
the water level being in the meantime ascertained by 
the gauge cocks. 

Boiler Feed Pumpy a/ad Use of Sea or Muddy 
Water. — While the engine is at work, the supply of water 
is kept up by the feed pump drawing from the pump 
HEAD or from feed tank in hose box, or by a flexible 
suction HOSE from a bucket on the ground ; the latter 
two sources being only used when the engine is pump- 
ing foul or salt water, in which case clean water must 
be supplied by means of buckets or otherwise. A 
three-way cock, with index plate, is provided for con- 
fining the supply to any of these three sources, and 
regulating the quantity pumped, and, in addition, 
there is a stop-cock on pipe leading to tank to be closed 
when suction hose is used. By opening the small pet 
cock, it can always be ascertained whether the feed 
pump is at work or not. If by any means when pump- 
ing from HOSE or tank the feed-pump valve should 
hang up, the pump can always be flushed or started by 
putting pointer on head for a moment. It is not de- 
sirable to work from head when the water in main 
pump is at a higher pressure than steam in boiler, as 
the supply becomes difficult to regulate. 

Injector and Instructions for Use. — ^The principal 
use of the injector is to force water into the boiler when 
the engine is stopped for shifting hose or any other 
purpose, and the feed pump is consequently not at 
work ; it can also be used when the engine is at work, 
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should the feed pump be out of order. It draws its 
supply from the tank in hose box, which is kept full 
when the engine is at work by means of a pipe from 
the pump head and ball cock, but by means of buckets 
or otherwise when the engine is pumping salt or foul 
water ; in the latter case the small stop cock near the 
pump head is closed. In using the injector, open in 
succession and to their full extent the wheel regulator, 
the water inlet cock at bottom, and the steam cock at 
top of boiler ; the two latter being opened gradually, 
water will then issue from the overflow pipe until the 
wheel regulator is moved backward and adjusted to 
suit the steam pressure in the boiler. The injector is 
working properly when there is no discharge from the 
overflow pipe, but should it get heated the wheel regu- 
lator must be opened to allow water to pass through it 
by the overflow pipe, the steam and water inlet cocks 
being both closed. 

Stopping Engine with full Steam. — Should the 
engine be required to stop with a high pressure of 
steam, both feed pump and injector should be used to 
put cold water into the boiler. Before stopping, the 
centre of the fire should also be pushed aside to leave 
a space for cold air to rush in and cool the fire-box, 
and the furnace door should be opened wide. The 
lever regulating the slide valve on blast pipe within 
the funnel is used to regulate the power of the blast. 
When the valve is closed the blast is at greatest power, 
and when the valve is open the blast is reduced. It 
is better to use this means to regulate the fire when 

p 



Digitized by 



Google 



210 ENGINEERING FOR ESTATES 

working the engine, than to open the fire door, as the 
latter tends to strain the joints of boiler. 

Means for red/u/ymg the Intensity of Furnace. — 
Firstly, open the door ; and, secondly, make a large 
hole in the centre of the fire, and then, if necessary, 
withdraw the fire* 

Engine stopped for some time. — Should it be 
necessary to keep the engine without working for some 
time, the injector must be used to force water into the 
boiler, the surplus steam being got rid of by means of 
the safety valve, and closing the top of funnel by means 
of a cap to check the draught. 

Lighting Furnace and keeping up Steam. — Cover 
firegrate with dry wood shavings, then with pieces of 
dry deal or pine wood, about twelve inches long, one 
inch wide, and quarter inch thick ; strew small pieces 
of coal over the wood, with shavings on the top. The 
shavings should be lighted under the grate and in the 
fire-box at the same time. When the wood is well 
alight more should be added, which may be in larger 
pieces, and then coal supplied. Coal, coke, or wood 
may be used for keeping up steam ; the best descrip- 
tion of each being used and kept ready for use. 

Use of small Blast Pipe. — When steam of 20 lbs. 
pressure has been obtained, the small cock should be 
opened to admit a jet of steam into the chimney, and 
entirely closed at 100 lbs. pressure, when the engine 
miay be started. With care, and after some practice, 
this pressiu^e may be obtained with great rapidity. 

Work to be done when Steam, is being raised. — 
Strap the canvas damping cloths on the two hind 
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wheels to prevent damage from heat ; fill with water 
and keep them so, by means of a small india-rubber 
hose, during the working of the engine; oil all the 
working parts, taking care that none of the oil holes 
are stopped ; raise lever of safety valve to make sure of 
its being in order; open the small cylinder cocks for 
the escape of condensed steam, and pour melted tallow 
into the grease cups on top of cylinders. These cups 
should be always kept full while standing, so as to be 
ready for immediate use; they are self-acting, and 
deliver the grease into the cylinders a drop at each 
stroke. 

Regulating Valve. — The engine is started by open- 
ing the valve sufficiently for a moderate speed. In 
single-cylinder engines it will be necessary to put the 
crank slightly over the dead centre in the direction in 
which the engine runs before opening the regulating 
valve. 

iTistructions for working Engi/ne. — The engine 
may be worked at any speed not exceeding 260 revolu- 
tions per minute, using one of the larger jets with one 
line of hose, or the two small ones with two lines; 
but, with engines of No. 4 size and larger, the full power 
cannot be made available without two or more lines of 
hose. Changes of jets and hose can be effected with- 
out stopping the engine, by means of the stop-valve 
on the water outlets. To do this, reduce the speed of 
engine, and open the stop-vaJve slightly until the fresh 
line of hose is filled, when the lever of stop-valve is 
put quickly over to other side. If there is a short 
supply of water, the steam regulating valve will require 
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constant attention, as the engine must be instantly 
stopped when the water supply is reduced to the top of 
suction strainer. Use oil on the moving parts, and 
should any of these become hot firom absence of oil, 
apply water by the small hose and jet, which is used 
for cooling ashes, and then oil well. Attend to height 
of water in gauge glass, occasionally opening test cock 
to ascertain if feed pump is at work. Should any- 
thing get under feed-pump valves, rendering its action 
uncertain, use the injector and unscrew caps to examine 
and clean valves as soon as possible. The cock on 
pipe connecting pump head and suction chamber is 
termed the bye-pass, and is used to regulate the engine 
when working with a small jet, or through a very long 
line of hose. Care must be taken that this cock is 
closed when first drawing water to the pumps. 

Safety Valve. — Steam of 160 lbs. is the highest 
required to work the engine. Should the steam pres- 
sure gauge ever indicate a greater pressure, the safety 
valve must be instantly eased to let the surplus steam 
escape. It will also be advisable occasionally to press 
up the lever of safety valve to ensure its being in 
working order. Steam of 100 lbs. is all that is neces- 
sary for general work. 

Priming. — Priming, that is, water passing with 
the steam out of the boiler and through the engine, 
sometimes takes place : when this is the case, reduce 
the speed of the engine, and open the small cylinder 
cocks ; if it continues and the water is high in boiler, 
a momentary opening of the bottom blow-oflf cock will 
generally stop it. Priming occurs when the engine is 
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started suddenly at a high speed after standing some 
time, but it will cease when the fire has brightened up. 
It is better to start quietly, increasing the speed as 
the steam pressure rises. 

Keeping Boiler in Order. — ^After using the engine 
the water should be blown out of the boiler by means 
of the cock at the bottom, and with steam of not more 
than 20 lbs. pressure : the screw plugs should also be 
occasionally taken out, the interior washed, and all 
sediment withdrawn. The outside of boiler tubes 
should be cleaned by means of the brush sent for that 
purpose, or by a small jet of water. 

When exposed to Frost. — In localities where the 
engine is exposed to the action of frost, all pipes and 
fittings should, after use, be emptied of water and kept 
empty. 

Engine when not in Use. — The engine should be 
kept in a dry and well-ventilated building, and cared 
for as an ordinary steam engine and carriage. For 
cleaning the engine, the dirt and grease should be 
first cleaned off with cotton waste, and the bright parts 
of steel, gun-metal, copper, and brass cleaned and 
polished with a mixture of brilliantine and oxalic 
acid. No emery or sand must be used for this purpose. 
The engine should be occasionally moved round by 
hand, by means of the ratchet lever or fly-wheel to pre- 
vent the pistons getting set ; and the spring balance 
of safety valve should be kept slack, so as not to keep 
a continuous pressure on the spring. All the articles 
sent with the engine must be kept in their respective 
places — water in the boiler, and the fire laid ready for 



Digitized by 



Google 



214 ENGINEERING FOR ESTATES 

use. The suction pipes with copper strainer are laid 
in on the hooks at side of framing ; hose pipes kept in 
coils under the box ; copper branch pipes and stoking 
irons are fixed under hose box, or on back foot-board. 
In the tool-box in front of the boiler are kept the hose 
and suction wrenches, nut wrenches, all tools, spare 
valves for pumps, the two tin cans, one filled with best 
machinery oil and the other with tallow, &c. Under 
the driver's seat are carried the jet pipes, spare water- 
gauge glasses, leather washers for hose and suction 
pipes, &c. 

Hose Pipes. — India-rubber and canvas hose and 
suction pipes merely require being kept clean and dry. 
Leather hose and suction pipes require frequent rub- 
bing with animal oil when partially wet, so as to keep 
them soft and pliable. 

General Instructions. — One man is generally suf- 
ficient to stoke and work Shand, Mason, and Co.'s steam 
fire engine, but an engineer and stoker may be pro- 
vided if considered desirable. The period for lighting 
the furnace must be calculated firom the time necessary 
to reach the scene of fire, bearing in mind the time 
that is required to obtain steam of 100 lbs. pressure. 
When arrived at the fire, the engine must be placed in 
a convenient position for working near the water ; the 
necessary lengths of suction pipe must then be con- 
nected with the strainer at one end (entirely immersed 
in the water). Great care must be used in keeping 
the leather washers in the coupling screws, and seeing 
that they are free from sand or dirt ; they must also 
be screwed up quite tight with the wrenches, to prevent 
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the admission of air, which would spoil the working of 
the engine. The necessary hose pipe must then be 
connected, finishing with the branch pipe in a position 
where the jet of water will be of most use. If neces- 
sary, the branch pipe can b^ strapped to the staff, to 
enable the fireman to hold it easily. 
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PART V. 

ELECTRICITY AND GAS. 



CHAPTER XXII. 

ELECTRICITY AS A SOURCE OF POWER, LIGHT, 
AND COMMUNICATION. 

On Electricity as a Source of Light, Heat, Power, and Communi- 
cation — Precautions for Lightning Rods. 

Electricity may be used as a power or as an illumin- 
ating agent. As a power, in its present stage, its 
applicability rests with the local circumstances under 
which it is proposed that it should be used. For 
instance, at Eedleaf the writer utilised the fall of a 
stream of water to convey a current a distance of nearly 
half a mile for scientific purposes. When a dynamo 
electric machine is rotated rapidly by hydraulic or 
steam power an intensely powerful current is generated. 
It may be used as heat, as light, or transmitted as a 
current and reproduced as power at the other end of 
the line wire that conveys it. Considered as heat, we 
may say that by the interposition of material that does 
not afford a suflSciently free passage to the current, a 
large portion of the molecular energy of that current is 
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engaged trying to overcome the resistance of the 
material : the result is intense heat. Therefore, unless 
we wish to utilise this current entirely as heal, care 
must be taken to afford a sufficiently free passage to 
it by providing a copper wire of adequate sectional area, 
and by the insertion of safety plugs. We may utilise 
the current as light by the * arc ' or * incandescent ' 
methods. In the arc method the current heats two 
carbon pencils opposite each other; a minute space, 
regulated to be uniform by means of clockwork be- 
tween these pencils, is bridged over by the current 
becoming a centre of radiant energy, the whole pro- 
ducing intense light, especially rich in actinic rays for 
photographic purposes. It is these actinic rays that 
are so injurious to the eyes. They may be absorbed 
by the use of uranium or other non-actinic glass, or by 
the vapour or solution of iodine. They are strongly 
chemical in their action, acting as oxydisers or reducing 
agents. 

The incandescent method consists of heating a fine 
platinum wire or carbon filament, or any other partially 
conducting material, to a white heat in vacuo by the 
passage of the current. The effect is that the light is 
less actinic, there being none of the violet rays of the 
voltaic arc present. The energy consumed is 1 horse 
power per 30 lamps — that is to say, a fall of water 
capable of developing 4 horse-power will produce a 
current on a dynamo electric machine of suitable 
construction capable of maintaining 120 incandescent 
lamps in action. 

We have now to look at electricity as a means of 
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transmitting power to a distance. As a power it§ 
generation in its present stage requires power such as 
steam, and the loss between the power absorbed to 
produce the current and the power of the current 
produced is so considerable that, until some modifica- 
tion in the means employed in production can be found 
which will lessen very greatly this loss, electricity as a 
motive power cannot compete with compressed air. In 
a paper' read before the Institution of Mechanical 
Engineers in 1883, I showed the loss to amount to 
sometimes as much as 45 per cent. M. Tresca gave 
details of a reduction of that loss ; but in practice, in 
the particular branch of engineering we have to deal 
with, this loss of power need not be taken into account 
if the prime motor is hydraulic power, for which nothing 
is paid out of pocket. 

When the current of the first djmamo machine is 
conveyed to the coils of the second, the reverse takes 
place ; the current revolves the machine, instead of, as 
in the first machine, the revolution of the, machine pro- 
ducing a current. Thus steam or other power may 
be turned into electricity, and that electricity re-con- 
verted into power, the medium being the dynamo 
electric machine. 

As at present constructed, dynamo electric machines 
are either ^ closed current ' or * alternati/ng current ' 
machines. A closed-current machine gives a current 
of the same polarity. Of this class are Gramme and 
Siemens' well-known machines ; they are the type to 

" * Application of Electricity to Coal Mining.' Tramac. Inst. 
Mech, Engine&n, Li^ge, 1883, July. 
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be used for incandescent lighting, and a modification 
of them for the production and transmission of power. 
An alternating current machine periodically reverses 
its electrical polarity. Of this type are the Brush and 
the arc machines ; they are used for arc lighting, are 
excessively dangerous, and open to much improvement. 
The conditions under which a man is in danger of his 
life with the closed-current machines is where he holds 
or is in contact with one pole of the machine and 
short circuits the current suddenly through his body 
by getting another part of his body in contact with 
apparatus or wires in electrical connection with the 
other pole. 

Arc currents with alternating apparatus may be 
classed as dangerous to life. Many lives have already 
been lost with such machines. The question of electric 
light and power being mbjudicBy further description is 
useless at the present time. 

Electricity as a Means of Communication. — This 
may consist of ordinary electric bells, electric fire- 
alarm apparatus, and electric telegraph, or telephone. 

Fig. 80. 






^ 



Battery 




In electric bell service, the pressure of the button of 
the bell-push connects a disconnection in the wire, thus 
completing the circuit between the bell and the battery. 
Fig. 30 shows the general electric connections. The 
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rooms 1, 2, 3, 4, are connected each to a numbered line 
screw on the indicator as regards one wire ; the other 
goes on to the nearest place on the zinc or battery wire. 
The screw marked E is the * earth ' or general return 
screw. In the indicators made by Messrs. Apps and Co. 
the system is always adopted of having test boards to 
the indicator. It is of the greatest convenience both 
in erection, testing, or in changing circuits in case of 
illness in bedrooms. The battery used is the Leclanche 
battery. Here chloride of ammonia acts upon zinc to 
make zinc chloride, which is soluble in solution of am- 
monia. The batteries last one to two years without 
attention. Each cell is possessed of an electric motive 
force of two ohms. In the Appendix will be found in- 
structions for working them. 

In laying electric wires all joints must be twisted 
when clean and soldered, then covered with Chatter- 
ton's compound. For outside work, No. 16, b.w.g. 
c.P.R. wire covered to that known as * Morse ' or 
' leading in ' wire must be used. It is advisable also 
for battery wires. 

Electric Fire Alarms, — The writer introduced some 
years ago an automatic metallic thermometer that 
served the purposes of a fire-station call and an auto- 
matic circuit closer. It is very largely used at Sion 
Gardens ; it is also used in the frozen meat trade from 
Australia, and in coal mines. 

Electric Telegraph and Telephones. — The single* 
needle Morse and Wheatstone's ABC electro-mag- 
netic instruments are at present used. The former is 
electrically the simplest, the latter anyone can read; 
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but the telephone on the Gower Bell principle will be 
found the most practical for estate purposes. A No. 
1 1 galvanised iron wire will suffice for the line wire. 
The * earth ' should be gas or water pipes if possible. 
The earth connection is on no account to be made on 
the lightning conductor. 

Lightning Conductors, — These, from experience 
recently gained by the Committee on Lightning Eods 
from details gathered from all parts of the world, are 
to be thus erected. The stranded copper conductor 
to be not less than ^-inch diameter, tightly pinned to 
the building by gun-metal holdfasts (glass insulators 
are useless). The point of the conductor to be 3 ft. 6 in. 
above the chimney and forked. 

The roof lead to be in connection with the con- 
ductor. 

A line of observation at any and all points round 
the building with a theodolite shall, if laid at 45*^ from 
the conductor to the earth, not include any portion of 
the building. 

Maxihinery, or large bodies or masses of metal, to be 
in connection with the conductor. The efficacy of the 
earth connections should be tested by an electrician 
from time to time. This should, if possible, end in 
water, and every endeavour should be made to secure 
good contact and sufficient area and moisture by bury- 
ing the plate deep enough if water is not available. It 
is just before heavy storms when the earth is parched 
that the earth connection is most deficient. 
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CHAPTEE XXIII. 

GAS AND ITS WASTE PRODUCTS. 
On Gas and its Waste Products. 

There is no doubt that a large establishment should 
be lit with gas as regards basement and oflSces, stables, 
&c. It is also desirable for a cheese factory or dairy 
on a large scale, unless the steam power at hand would 
admit of incandescent lighting by electricity ; then the 
latter is obviously preferable. 

The principal features to be noted in the use of 
gas as an illuminative agent are as follows : — 

Each lamp burner consumes 5\ cubic feet per hour. 
Each common „ 4J „ 

The difference between the summer and winter 
consumption, affecting as it does the quantities of 
coal required, is as follows : — 

In summer, per month, the average consumption 
for each lamp is 1,000 to 1,800 cubic feet ; in winter 
it rises to 1,800 to 2,400 cubic feet. Argand or spe- 
cially large burners consume from 8 to 10 cubic feet 
per hour. 

In carrying along the main, the level obviously 
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should be an ascending one. Where it exceeds 30 
feet in section, a governor is generally introduced to 
regulate the flow of gas. 

Pressure of gas is measured by the water gauge in 
inches ; a table of water-gauge readings is given at the 
end of the chapter. yJ^ of an inch in pressure must be 
added for every foot of rise or deducted for every foot of 
fall to the initial driving pressure. 

This initial pressure should not exceed 2^ inches 
of water gauge, or there will be a great loss in leakage 
by excess of pressure. 

Retorts. — These produce 2,800 cubic feet of gas 
per 24 hours, with a charge of 1^ cwt. of suitable coal. 
One-fourth of the retort capacity should always be 
added in estimation for repairs. 5 cwt. of fuel will 
carbonise 1 ton of coal. 

Gas Products op Coal. 

T>r.nA»r^ Newcastlc, Cannel Coal, 

'^^^'^ per Ton per Ton 

Cubic feet of gas . . . 9,500 to 10,000 11,500 to 15,000 

Lbs. of coke .... 1,500 ^ 1,540 715 „ 720 

Lbs. of coal tar . . . 70 „ 90 710 „ 720 

Lbs. of ammoniacal liquor . 80 „ 1,200 none 

The fuel required for the retorts being 201bs. per cwt. 

Gas Purifiers.— ^These are of two kinds, wet and 
dry. Wet purifiers require 1 bushel of lime with 48 
bushels of water to purify 10,000 feet cube of gas. 
Dry purifiers require 1 superficial foot of area to every 
600 cubic feet of gas, and 1 bushel of lime dry to every 
10,000 cubic feet of gas purified. 

Siphons. — These are U-shaped bends in the pipe 
to collect water or gas liquor where it would otherwise 
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collect by gravity ; with this in view, a dead level in 
the main is to be avoided. 
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Three-eighths of an inch is the smallest desirable 
size for gas pipes in practice. Galvanised wrought- 
iron pipe is the best for service pipes. They should be 
screwed a good distance, on account of repairs. 

No light should be nearer wood-work than 10 
inches, or with lath and plaster ceiling it should be 
3 feet 6 inches away. 

2,200 cubic feet per annum is the average con- 
sumption per head of the population in towns. 

Derbyshire main coal per ton will yield about 9,400 
cubic feet of gas. 

The actual cost of gas apparatus for a large farm 
with extensive^ buildings would be from lOOi. to 160i. ; 
for a group of cottages or small village, say 200 in- 
habitants, 5001. to 6001. 

Other systems of gas illumination by means of 
hydro-carbons have been tried and found successful: 
of these there are many patents, capable of great im- 
provement. 

One man is sufficient to attend to the works of a 
200 to 500 light coal-gas apparatus. The gas lime 
will be found of use for agricultural purposes ; it is a 
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destructive agent for liver-fluke . on sheep pastures. 
The coal tar also is of use, but the ammoniacal liquor 
is best sold. No gas water or refuse from gasworks 
may be discharged into any stream. (Rivers Pollution 
Act.) 

Tables of the Maximum Supply op Gas through Pipes in 
Cubic Feet pee Hour, the Specific Gravity being 

TAKEN =45, calculated FROM THE FORMULA 

Q = ^y^^\/^' (J- T. Hurst.) 
Length of pipe « 10 yards. 
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Length of pipe = 100 yards. 
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Length of pipe = 1,000 yards. (J. T. Hurst.) 
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Length of pipe = 5,000 yards. 



Diameter 
of Pipe 
in laches 


Supply of Gas in cube feet per hour 


Pressure by the Water Gauge in inches 


1-0 


1-6 


2-0 1 2-5 


3-0 


2 


119 


146 


169 


189 


207 


3 


329 


402 


465 


520 


569 


4 


675 


826 


955 


1,067 


1,168 


5 


1,179 


1,443 


1,667 


1.863 


2,041 


6 


1,859 


2,227 


2,629 


2,939 


3,220 


7 


2,733 


3,347 


3,865 4,321 


4,734 


8 


3,816 


4,674 


5,397 


6,034 


6,610 


9 


5,123 


6,274 


7,245 


8,100 


8,873 


10 


6,667 


8,165 


9,428 


10,541 


11,57 


12 


10,516 


12,880 


14,872 


16,628 


18,25 



Dimensions of Mains, with Weight of One Length. 
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Gas as Power. — The power produced by the ex- 
plosion of gas mixed with air at every third stroke or 
less in the cylinder of an engine constitutes a gas 
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engine. Of these, of which there are many types and 
modifications, that recently manufactured by Messrs. 
Crossley is the most perfect. It is useful for pumping, 
sawing firewood, &c., and for driving lathes and domestic 
purposes. They are used up to 8 horse-power. The 
same results, though perhaps not quite to such a 
degree of perfection, have been obtained by the use of 
hot-air engines. 
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CHAPTEE XXIV. 

NOTES ON LIFTING GROWN TREES, ETC. 

Note on Lifting Grown Trees, Painting Ironwork, and on the 
Superannuation of Aged Men. 

Occasion frequently arises in railway works where a 
row of trees require to be set back some distance. It 
also arises in estate management, but it is not gene- 
rally understood that not only is such an operation 
feasible, but it can be performed at comparatively 
little expense on trees up to thirty feet high. 
McGlasham's transplanting machine is the one that 
gave the best results in Paris, where it was used for 
moving out trees from the Bois de Boulogne to be re- 
planted along the boulevards of the city. 

The operation consists of setting the machine on 
the surface of the soil in such a way that the tree to 
be lifted stands in the centre. The spades of the 
machine are then driven down as far as they will go, 
and pressed outwards whilst driving them. The power- 
ful lifting screws with which the machine is fitted are 
then gradually set in motion, and the tree with its ball 
of earth gradually screwed up out of the ground. The 
whole machine, with the tree so supported, is then 
drawn to the site where it is to be replanted, and, the 
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screws being gently released, the tree is gradually and 
safely lowered into the hole dug for it. It has this 
great advantage, that the roots of the tree are not ex- 
posed by having to dig out the surface soil. The cost 
of such machines are from 18i. to 30?. for trees from 15 
to 30 feet high. Three men are required to use them. 
The raising of trees that have been blown down is not 
advisable, although perhaps the best instance of such 
a piece of work is that of the very large cedar at Sion 
Gardens, Brentford, which formed a conspicuous orna- 
ment in the frontage of Sion House looking from the 
river. This tree, having been blown down, was re- 
planted by means of hydraulic jacks and guy ropes, 
under the superintendence of Mr. Woodbridge, the 
head gardener to His Grace the Duke of Northiunber- 
land, in 18^1, and apparently is more firm than before, 
since it has stood through the memorable . gale of 
December 1883, which stripped half the northern por- 
tions of England of some of their finest timber. 

In operations of such a nature it is very desirable 
to use a stranded steel or iron wire rope. The expan- 
sion and contraction of hemp ropes with rain and wind 
are very troublesome, and not a little dangerous in the 
case of guys. 

The best preparation * for painting iron rods to 
support the limbs of trees, and indeed for iron fencing 
also, is as follows, and has been found very successful 
on the Midland Railway for fencing switch bars and 
point rods:— 

* The writer thinks Spence*s metal will prove better than lead 
oaps for decayed limbs. 
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Coal tar .... 4 gallons. 

Best resin, powdered • . , . ^ lb. 
Fiesh slaked lime . . . . i bnshel. 

It should be thoroughly boiled and stirred, and 
applied as hot as possible with a stiff blacking brush 
by an energetic man ; the mistake so frequently made 
being to put such work in the hands of old men. By 
all means let old men be employed, but not to waste 
good material. The writer may be excused for advis- 
ing the formation of a superannuation fund on large 
estates, for the housing of those unable to earn weekly 
wages ; and with a very little arrangement two cottages 
may easily be made suitable as a comfortable retreat 
for them, where with a large garden and a few hives of 
bees, they can spend the remainder of their days. The 
point in such an arrangement to be always borne in 
mind, is that it must be distinctly a superannuation 
scheme presented to them as an advisable vnvestment ; 
anything that can savour of charity or almshouses from 
their point of view should be religiously avoided, or 
the scheme must fail. The writer feels it his duty to 
comment on the want of such arrangements, and to 
endeavour to press upon employers of labour that men 
who can no longer stoop with ease, and to whom every 
change in the weather brings an extra pain, although 
they may at times feel the old habit of work give them 
a fictitious feeling of comparative strength, must be 
recognised in the fair give and take of life as men who 
have done their work ; if honestly, then let them have 
their rest. Much of the bitterness of the lower classes 
towards the upper would never exist if only such con- 
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siderations for honest work were more often shown. An 
experience of the worst of the Black Country, of miners, 
railway men, and agricultural labourers, has shown the 
writer that the erroneous feeling that a labouring man 
has had ground into him that every one wishes to use 
him as a machine, and not as a fellow-creature, is only 
to be removed by superannuation, and that the greatest 
good may result from its application on landed estates. 
It has been known to form the basis of a tie between 
an engineer and his men that has made his staff and 
himself able to carry out work at both rates of wages 
and hours that other men could not be got for. 
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CHAPTER XXV. 

ON THE ESTIMATION OF THE HORSE-POWER OF A WATER- 
MILL, THE GAUGING OF WEIRS, AND RATIOS OF THEIR 
SLOPES. 

Note on the Horse-power of a Water Mill, the Gauging of Weirs, 
and the Ratios of their Slopes. 

A STREAM 2,000 yards long has a fall of 8 feet. It is 
required to estimate the power that can be got for a 
mill from it. Firstly, the quantity of the stream must 
be got. Take the stream at an average width, say 20 
feet ; the area is then obtained by plumbing the line 
across the river in, say, four places ; the average depth is 
thus got ; then supposing the average obtained is 3 feet, 
then 3 X 20 is the cross sectional area of the stream. 
The speed has now to be measured at which the current 
flows. This is done by stretching two measuring 
tapes across the stream 66 feet, or a chain, apart. A 
float is then put into the river a few yards above the 
top tape, and its time traversing down stream the dis- 
tance marked, i.e. 66 feet, is noted accurately. Suppose 

the observed time to be 20 seconds, then . or 

' 20 

198 feet per minute. This is the maximum velocity 
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of the stream. The mean velocity is over the whole 
area 198 x '84 =166 feet per minute, the mean 
velocity of a stream having been shown to be 84 per 
cent, of the maximum velocity. Then 166 x 60 = 
the discharge in cubic feet per minute, or 9,960 cubic 
feet of water per minute is the toted available quantity 
of water. 

This is now to be estimated in horse-power. 

A cubic foot of water weighs 62*3 lbs. A horse- 
power is 33,000 foot lbs. and a breast wheel yields 50 
per cent, of the gross power of the water. Then 

9,960 X 62-3 X Sfeet fall x '5 ^^^^.^^^^ horse-power, 
oojOOO 

or about 76 horse-power. 

The discharge in cubic feet per minute, multiplied 
by the fall in feet at the wheel multiplied by the per- 
centage of the gross power that the class of wheel used 
yields, multiplied by the weight of 1 cubic foot of 
water, 62*3 lbs., is to be divided by the one horse- 
power of 33,000 foot pounds ; the result is the horse- 
power of the stream. 

The diameter of the wheel may be twice that of the 
fall — that is, 16 feet — its speed 240 feet per minute, and 
the depth of the bucket 1 ft. 6 in. ; the width of the 

wheel would be ^ = rouffhly 30 feet. The 

240 X 1-5 ^ -^ 

duty from a good overshot wheel would be 75 to 80 

per cent., that of a breast wheel 45 to 60, and that of 

an undershot wheel, where the impulse of the water is 

the power, 27 to 30 per cent. 

A chip of wood makes the best float for such work, 
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as the wind does not act on it so easily when it is float- 
ing down the stream. 

Gauging the Overflow of Weirs. — A complete 
method with gauges is given at length in Box's 
* Hydraulics,' p. 63 ; but the operation of gauging is 
one that requires experience and care. The depth of 
water flowing over, multiplied into its width, gives a 
fair idea of the comparative quantities passing. 

The slopes of weirs are of great importance, how- 
ever small such weirs may be. The delivery of the 
water over the weir should be effected so as to strike 
the bed of the river at an oblique angle, and yet at a 
velocity suitable to the bed of the river and the 
material of which it may be composed. A long flat 
slope of 3 to 1, 4 to 1, or even 5 to 1, is best; but if a 
cascade is required, a slope of 3 to 1 broken up into a 
series of steps is efi'ective and does no harm. A straight 
fall of water vertically is very destructive both to the 
foundation of the weir and the bed of the river, and is 
always to be avoided. 
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WEIGHTS AND MEASUEES. 
Avoirdupois Weight. 

drachms ozs. lbs. qrs. c-wts. ton grammes 

1 « '0626 = 0039= -000139= -000036 = -00000174 = 1*771846 

16 = 1 = -0625 « -00223 = 000558 - 000028 = 28-34954 

256 = 16 « 1 = 0367 = 00893 = 000447 = 453-59 

7168 = 448 = 28 = 1 = -26 = -0125 = 12,700 

28672 = 1792 = 112 = 4 =1 = -06 = 50,802 

673440 =36840 =2240 =80 =20 =1 =1,016,048 

Troy Weight. 

grains dwts. om. lb. ^^^^ 

1 = -04167 = -00208 = 0001736= 0648 

24 = 1 =06 = -004167 = 1-666 

480 = 20 =1 = -0833 = 311036 

6760 = 240 =12 =1 = 373242 

175 lbs. troy = 144 lbs. avoirdupois. 

lbs. avoirdupois x -82286 = lbs. troy. 

lbs. troy ... x 1-2163 » lbs. avoirdupois. 

Long Measure. 

ins. feet yards fath, poles furl. mile ^^^ 

1«083 =02778= 0139 = -006 = 000126 = -0000168 = ^0254 

12= 1= -333 = 1667 = -0606=00161 =0001894= -3048 

36= 3= 1 = -6 =182 =00464 =000568 = -9144 

72= 6= 2=1 =-364=0091 =001136= 18287 

198= 16J= 6J = 2J - 1 =026 =003126 = 50291 

7920= 660= 220 =110 = 40 =1 =126 = 20116 

63360 = 6280 = 1760 =880 « 320 =8 =1 =1609-315 
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StTKYETiNG MEASURE (Lineal). 



ins. linka feet yards 




1= -126= -0833 « -0278 = 


•00126= -0000168 = 


7-92 = 1 - -66 = -22 - 


•01 - 000125 = 


12 = 1-615 = 1 = -333 = 


•01616- •oooisa - 


36 = 4-545 = 3 = 1 = 


•04546= •000668 = 


792-100 - 66 = 22 = 


1 = -0125 = 


63360 = 8000 = 5280 = 1760 = 


80 = 1 


1 knot or geographical mile = 


6082-66 feet = 1864 i 


1152 statute mile. 




1 Admiralty knot = 1-1616 mile 


= 6080 feet. 



French 
m^res 
•0264 
•2012 
•3048 
•9144 
20116 
1609-315 



Square Measure. 

ins. feet yards perches roods acre ^SS 

1 = -00694 = -000772 = •0000256 = '00000064 = -OOOOOOlSa = '000645 

144 = 1 = '111 = '00867 = •OOOOSIS = '000028 = '0929 

1296 = 9 = 1 = '0331 = •000826 = -0002062 = '8361 

39204 = 272 J = 30J = 1 = -025 = '00626 = 26'292 

1568160 = 10890 ^ 1210 =40 =1 = '26 = 1011'7 

6272640 = 43560 = 4840 =160 =4 =1 = 4046^7 

1 chain wide . = 8 acres per mile. 

10 square chains = 1 acre. 

1 hectare . . . = 2-471143 acres. 

; = 27878400 sq. feet. 

1 square mile • = 3097600 sq. yards. 

. = 640 acres. 

Acres x '0016625 = sq. miles. 

Sq. yds. x '000000323 = sq. miles. 



cubic metre, 
or stere. 



Cubic Measure. 

s, feet yard 

1 = -0005788 = '000002144 = -000016386 

1728 =1 = -03704 » -028315 

46666 =27 =1 = -764513 
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Shebt Ibon— Weight op a Bupebpicial Foot for Iron Roofs. 
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Weight 


B. W. 


Dec. of 


Weight 


Gauge 


anmch 


in lbs. 


Gange 




in lbs. 


00000 (i) 


•600 


20-208 


16(A) 


-063 


2-646 


0000 


•460 


18-187 


17 


-065 


2-223 


000 


•437 


17-662 


18 


-048 


1-940 


00 (1) 


•376 


16^166 


19 


•042 


1-697 





•340 


13-742 


20 


-035 


1-416 


1 


•300 


12125 


21 


•033 


1-334 


2 


•284 


11-477 


22 


•029 


1-712 


3 


•261 


10-649 


23 


•025 


1-011 


3-4 (i) 


•260 


10-104 


24 


•022 


•892 


4 


•239 


9-660 


25 


•020 


-809 


5 


•217 


8-770 


26 


•018 


•727 


6 


•208 


8-407 


27 


•016 


•646 


7 


•180 


7-276 


28 


•014 


•666 


8 


•166 


6-709 


29 


-013 


•625 


9 


•148 


6-982 


30 


•012 


•486 


10 


•137 


6-637 


31 


•010 


•404 


11 (i) 


•126 


6062 


32 


•009 


•364 


12 


•109 


4-405 


33 


•008 


•323 


13 


•094 


3^799 


34 


•007 


-283 


14 


•080 


3-233 


35 


.006 


•202 


15 


•072 


2-910 


36 


•004 


•162 



Pressure of Aib 


, AS SHOWN BY THE 


Water Gauge. 


Height 


Preesure in lb. 


Height 


Pressure in lb. 


Height 


Pressure in lb. 


in in. 


to the sq. ft. 


in in. 


to the sq. ft. 


in in. 


to the sq. ft. 


0-01 


005 


019 


0^98 


0-37 


1-92 


0-02 


0-10 


0-20 


1-04 


0-38 


1-97 


0^03 


016 


0-21 


1-09 


0-39 


2-02 


0-04 


0-20 


0-22 


114 


0-40 


2-08 


005 


0-26 


0-23 


119 


0-41 


213 


006 


0-31 


0-24 


124 


0-42 


2-18 


0^07 


0-36 


0-25 


1-30 


0-43 


2-23 


008 


0-41 


0-26 


1-35 


0-44 


2-28 


0-09 


0-46 


0-27 


1-40 


0-45 


2-34 


0-10 


0-52 


0-28 


1-45 


046 


2-39 


Oil 


067 


0-29 


150 


0-47 


2-44 


0^12 


062 


0-30 


1-56 


0-48 


2-49 


0-13 


0^67 


0-31 


1-61 


0-49 


2-54 


0-14 


0^72 


0-32 


1-66 


0-50 


2-60 


015 


078 


0-33 


171 


0-61 


^•66 


016 


0-83 


0-34 


1-76 


0-52 


2-70 


017 


0-88 


0-35 


1-82 


0-53 


2-75 


018 


0-93 


0-36 


1-87 


054 


2-80 
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PRE3SUBB OF AlB. AS SHOWlf BT Watkb OtATJQE—emUinued. 



Heigbt 


Prenore in lb. 


Height 


Preasare in lb. 


Height 


Freflsore in lb. 


In in. 


to the aq. ft. 


in in. 


to the sq. ft. 


in in. 


to the eq. ft. 


0*55 


2-86 


0-67 


3-48 


0-79 


410 


0-66 


2-91 


0-68 


3-53 


0-8(> 


416 


0-57 


2-96 


0-69 


3-68 


0-81 


4-21 


0-68 


3-01 


0-70 


3-64 


0-82 


4-26 


0-69 


306 


0-71 


3-69 


0-83 


4-31 


0-60 


312 


0-72 


3-74 


0-84 


4-36 


0-61 


317 


0-73 


3-79 


0-85 


4-42 


0-62 


322 


0-74 


3-84 


0-86 


4-47 


0-63 


3-27 


0-76 


3-90 


0-87 


4-52 


0-64 


3-32 


0-76 


3-96 


0-88 


4-67 


0-66 


3-38 


0-77 


400 


0-89 


4-62 


0-66 


3-43 


0-78 


405 


0-90 


4-68 







AiB Pbbssubes and Velocitibs. 




Mllee 
per 
hour 


Lbs. per 
sq.ft. 


Miles 
per 
hour 


Lbs. per 
eq.a 


Miles 
per 
hour 


"S:r 


Milffl 
per 
hour 


Lbs. per 

sq.ft. 


1 


•006 


26 


3380 


61 


13-006 


76 


28-880 


2 


•020 


27 


3645 


52 


13-520 


77 


29-646 


3 


•045 


28 


3920 


53 


14045 


78 


30-420 


4 


•080 


29 


4205 


54 


14-580 


79 


31-205 


5 


•125 


30 


4500 


55 


16126 


80 


32000 


6 


•160 


31 


4-805 


66 


15-680 


81 


32-805 


7 


•245 


32 


5-140 


57 


16-245 


82 


33-620 


8 


•320 


33 


5-445 


68 


16-820 


83 


34-450 


9 


•405 


34 


5^780 


59 


17-405 


84 


36-280 


10 


•500 


35 


6125 


60 


18-000 


85 


36126 


11 


•605 


36 


6480 


61 


18-605 


86 


36980 


12 


•720 


37 


6-845 


62 


19-220 


87 


37-845 


13 


•845 


38 


7-220 


63 


19-845 


88 


38-720 


14 


•980 


39 


7-605 


64 


20-480 


89 


39-606 


15 


1125 


40 


8^000 


65 


21126 


90 


40-600 


16 


1-280 


41 


8-405 


66 


21-780 


91 


41-405 


17 


1-445 


42 


8-820 


67 


22-460 


92 


42-320 


18 


1-620 


43 


9-245 


68 


23-120 


93 


43246 


19 


1-805 


44 


9-680 


69 


23-805 


94 


44180 


20 


2^000 


45 


10-125 


70 


24^500 


96 


45126 


21 


2205 


46 


10-580 


71 


26-205 


96 


46-080 


22 


2-420 
?645 


47 


11-046 


72 


25-920 


97 


47045 


23 


48 


11-520 


73 


26-645 


98 


48020 


24 


2-880 


49 


12005 


74 


27-380 


99 


49005 


25 


3125 


50 


12500 


75 


28-125 


100 


50^000 
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Carburetted hydrogen being taken as -46 specific gravity where 
air equals I'O, these may be readily compared if an air-meter is 
used for velocities. 

Fluxes fob Soldbes fob Metals. 
Iron or steel Borax or sal ammoniac. 



Copper and brass 


. 


Chloride of zinc or sal am- 
moniac. 


Tinned iron 




Chloride of zinc or resin. 


Zinc . 


. 


» »» 


Lead 


. 


Tallow or resin. 


Lead and tin pipes 


(speaking tubes) 
Solders. 


Resin and sweet oil. 


For lead 


. use tin 


1 lead Imparts. 


„ tin 


i> »> 


1 » 2 „ 


„ pewter . 


•» » 


2 „ 1 „ 


„ hard brazing 


. „ copper 


3 zinc 1 „ 


„ soft brazing . 


. „ tin 


1 copper 4 zinc 3 parts. 



Iron standards &nd cramps should be let into stone with melted 
sulphur 1 to sand 2, not with lead. 

Scotch and Ieish Measure. 



1 English mile . 


-1,760 yards 


= 100000 


1 Scotch „ . . . 


= 1,984 „ 


= 112159 


1 Irish „ . 


. =2,240 „ 


= 1-27273 


1 Statute acre . 


= 4,840 sq. yards. 


= 100000 


1 Scotch „ . 


= 6,150-4 „ „ 


= 1-27074 


1 Irish „ . 


= 7,840 „ „ 


= 1-61983 



Storage of Ice. 

112 lbs. of ice requires 6 cubic feet of room to store it. 

Non-Condv^ctora, — Felt, sawdust, straw. Ice houses to 
have double doors. 

The comparative £ia.cility with which heat is transmitted 
through dififerent building materials : — 



Copper 


. 1,000 


Marble 


. 54 


Iron . 


. 450 


Slate . 


. 42 


Zinc . 


. 430 


Bath stone . 


. ■ 27 


Lead 


. 230 


Chalk . 


. 25 
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Asphalte . 


. 15 


Oak 


Glass . 


. 14 


Fir 


Brick . 


. 13 


Cork 


Lath and plaster . 


. 10 


Canvas 



Cubical Expansion of Aib (Air Compbessobs). 

For each degree Fahrenheit -0020361 

, „ „ Centigrade -003666 

Absolute Zebo. 

On Fahrenheit's scale - 491 135 
„ Centigrade „ -272-9 



Expansion of Water. 

Water attains its minimum bulk at 39*1® F. From that 
temperature to freezing point, or 32° F., it expands by cold 
and is one-twelfth part greater in bulk than it was at 39-1° F. 

Main chimney stacks for greenhouses, factories, &c., 
where all flues from different vineries, <kc., are taken into one 
flue, and the chimney erected in some spot out of sight, 
except the smoke be consumed at the base of the chimney, 
the heights are : — 



Height of Shaft 
60 feet. 
100 „ 
120 „ 
140 „ 
160 ,. 
180 „ 
200 „ 



Weight of Coal 


Burnt per hour 


100 lbs. 


or under 


500 „ 


»» 


1,000 „ 


»> 


2,000 „ 


» 


3,000 „ 


»> 


4,000 ,. 


>* 


5,000 „ 


« 



List of Woods that can be Exposed in Water. 
Elm, alder, white cedar, plane, acacia. 

The jarrah and other Australian specimens of euca- 
lypti all resist the attacks of sea worms and white ants if cut 
before the sap commences to rise. 
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Note on Speaking Tubes and the Yelocity op Sound. 
The velocity of sound through air is at — 

32® F 1,093 feet per second. 

40«F 1,102 „ 

SO^'F 1,113 „ 

60*' F 1,124 „ 

TO^'F 1,135 „ 

80° F 1,146 „ 

90° F 1,166 „ 

Through other substances the velocity is : — 

Lead 4,030 feet per second. 

Water 4,714 „ 

Pine 10,900 „ „ 

Copper ..... 11,666 „ „ 

Oak 12,622 „ „ 

Fir 16,218 „ „ 

Iron 16,822 „ „ 

The intensity of sound is inversely as the square of the 
distance. 

A speaking tube 1 inch diameter, made of zinc with 
several bends ^ mile long, was perfectly distinct ; | inch is 
the minimum, and 1^ inches the maximum diameters for 
speaking tubes. The velocity of sound through speaking 
tubes should be but little less than 1,100 feet per second. 

Glazing and Painters' Woi^. 

In erecting iron roofs lighted with glass skylights, the 
system of glazing known as Bendle's patent is most advis- 
able. The squares of glass are fixed without puttying, and 
the result is economy both in that and in painting. Paint- 
ing in oil, ordinary colours, per yard superficial, is as 
follows : — 

Days of a Painter 

First, or priming coat, on wood -016 

Second, and each successive coat of paint . . . -014 

Knotting, stopping, &c '010 

R 
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Days of a Fainter 

First coat of paint on iron -024 

Second, and each snccessive coat *015 

Iron bar, each coa per lineal yard '006 

Sash squares, each side, first coat, per dozen squares . 050 

„ „ „ „ second coat, per dozen squares . -040 

Tarring flat wood surfaces, each coat .... 028 

Days of a Glazier 

Crown glass stopped into new sashes, per foot super. . -019 

„ » old „ „ . -060 

Sheet glass „ new „ (large squares) . -015 

old „ ,. . . -040 

Cleaning windows both sides 003 

It is most essential to buy lead paints when required in 
large quantities, and to have a sample analysed. A coat of 
white varnish over paint inside window sills greatly pre- 
serves their clean appearance. 

Thicknesses foe Lead and Weights of Lead Sheet. 



Weight in lbs. 
per ft. super 


Thickness in inches 


^tiS!s^p^^r!- 1 Thickness in inches 


1 
2 
3 
4 
5 
6 


•017 
•034 
•051 
•068 
•086 
•101 


7 118 

8 -135 

9 ; -152 

10 169 

11 ' ^186 

12 1 -203 



The usual weights of lead used are : — 

For roofs, flats, and main gutters 
hips, ridges, and small „ 



cisterns and sinks, bottoms . 

„ , sides 

soil pipes .... 



71b. lead. 
61b. „ 
61b. „ 
71b. „ 
61b. „ 
81b. „ 



No sheet of lead should be laid of a greater length than 
10 feet without a break or roll, in it to allow of expansion. 
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The Rate op Intbbbst Property should Yield. 



Freehold Property. 



Residential land . 

Agricultural „ . . . 

Ground rents, six times covered 

Building land, unsecured 

Country mansions 

Detached villas near town . 

Town dwelling-houses, Ist class 
„ „ 2nd „ 

>» » 3rd ,, 

n » 4th „ 

Business premises in a large town, 
1st class 
» » 2nd „ 

Labourers' cottages 



3 to 3 J per cent. 
3i „ 3J „ 



3} „ 

4 „ 
4J „ 
H » 
4f „ 

5 „ 
5i „ 

^ » 

5 „ 



4 

4f 

4i 

5 
5i 

6f 
6 



6 



Leasehold property, not being so secure, should return 
from 1^ to 2 per cent, higher interest. 

Copyhold property should be valued by deducting the 
cost of its enfranchisement from it treated as a freehold 
property. In practice copyhold property is worth about five 
years' less purchase than if it were freehold. 

In railway valuations, (1) the value of the land taken, 
(2) the 'consequential damages' or the loss to owner due to 
division or severance of the property, loss of tenant, (fee, are 
separately assessed. 

Proportional Cultivation op Great Britain. 

Acres 

Corn crops 9,300,000 

Green „ 3,500,000 

Grassland 16,800,000 

Woods and forest 2,600,000 

Uncultivated 25,800,000 

Total area of Great Britain . . 67,000,000 



B 2 
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Wells, Sbwebs, and Shafts. 
Tables for Exeavation and Liming, 
The maxiiniim distance to which earth can 
be wheeled in barrows economically , = 100 yards. 

Ditto, in dobbin carts = 300 „ 

Ditto, in ordinary one-horse carts . - =^ mile. 

When the distance is over half a mile it will be more econo- 
mical to use waggons on rails. 

A horse barrow-road cannot be economically worked for a less 
depth than 20 feet 

The Number of Bricks and Quantity of Brickwork in 
Wells and Cylindrical Sewers for each Foot in 
Depth or Length. 





HaW-brlck Thick 


One Brick Thick 


Number of Bricks 


Cubic feet of 


Number of Bricks 


Cubic feet of 














Laid 


Laid in 


Brickwork 


Laid 


Laid in 


Brickwork 




Dry 


Mortar 




Dry 


Mortar 




10 


28 


23 


1-6198 


70 


68 


41233 


1-3 


33 


27 


1-8146 


80 


66 


4-7124 


1-6 


38 


31 


2-2089 


90 


74 


5-3015 


1-9 


43 


35 


2-5035 


102 


82 


5-8905 


20 


48 


41 


2-7979 


112 


92 


6-4795 


2-3 


53 


44 


30926 


122 


100 


70686 


2-6 


58 


48 


3-3870 


132 


108 


7-6577 


30 


68 


57 


3-9760 


154 


126 


8-8357 


3-6 


79 


65 


4-5651 


174 


142 


100139 


40 


89 


73 


5-1541 


194 


159 


11-1919 


4-6 


100 


82 


5-7432 


214 


176 


12-3701 


50 


110 


90 


6-3322 


234 


192 


13-5481 


5-6 


120 


98 


6-9213 


254 


209 


14-7263 


60 


130 


107 


7-5103 


276 


226 


15-9043 


6-6 


140 


116 


8-0994 


296 


242 


17-0825 


70 


150 


123 


8-6884 


316 


260 


18-2605 


7-6 


160 


131 


9-2775 


336 


' 276 


19-4387 


80 


170 


140 


9-8665 


358 


292 


20-6167 


8-6 


180 


148 


10-4556 


378 


308 


21-7949 


90 


191 


156 


11-0446 


398 


326 


22-9729 


10-0 


212 


174 


12-2227 


438 


360 


25-3S91 
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The Quantity op Excavation in Wells and Circular 
Shafts for bach Foot in Depth. 



Diam. 


Quantity 


Diam. 


Quantity 


Diam. 


Quantity 


Ft. 


Cub. yards 


Ft. 


Cub. yards 


Ft. 


Cub. yards 


3 


•2618 


a 


•8799 


8 


1-8617 


3i 


•3072 


•9617 


8i 


1-9799 


II 


•3563 


6 


10472 


1} 


21017 


•4091 


6i 


11363 


2-2271 


4 


•4654 


H 
n 


1-2290 


9 


2-3562 


*i 


•5254 


1-3254 


9J 


2-6263 


H 


•5890 


7 


1-4254 


10 


2-9089 


4 


•6563 


n 


1-5290 


lOi 


3-2070 


6 


•7272 


7i 
7| 


1-6362 


11 


3-5198 


5i 


•8018 


1-7472 


12 


4-1888 



Contents of Carts and Barrows for Contractor's Work 
in moving Earth, etc. 

A wheelbarrow, light holds y\ yards cube. 

„ ordinary • • • • „ A » 

„ large (navvy) . . . „ ^ 

A dobbin cart >» J » 

A one-horse cart (6ft. x 3^ ft. x 2J ft.) . . „ If „ 
An earth waggon, small, filled to level of 

sides, as with gravel, sand, &c. . . . ,,2 „ 
Ditto, ditto, when heaped as with earth or 

clay „ 2J „ 

Ditto, large, filled to level of sides . . ,» 2| „ 

Ditto, ditto, heaped ...,.„ 3 „ 

Traction. — The resistance offered by wheelbarrows, carts, 
or waggons, when drawn along a horizontal road with a 
velocity not exceeding four miles per hour, is proportional 
to the load directly, and inversely to the diameter of the 
wheels. 

A barrow, with wheel 18 in. diam., on hard 

dry earth, requires to move it . 
Ditto, ditto, on a wooden plank . 
A cart, with wheels 4 feet diam., on hard 

dry earth ^ 



y\ part of the weight. 
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A waggon, with wheels 2 ft. 9 in. diam., on 

ordinary contractor's rails (straight) in 

wet weather ^^ part of the weight. 

Ditto, ditto, in dry weather • • • t5?» »» 

Ditto, ditto, on a well-made railroad - • ^ » 

The traction on an inclined road = that on a horizontal 
one plu8 the weight of the load and that of the vehicle 
multiplied by the rise and divided by the length of the road. 



Comparative Strength op a Horse on Inclined Roads. 



Strength on a level road . 








= ] 


100 




„ ificline of 1 in 


100 






= 


•96 




t) 1 


1 in 


80 






= 


•96 




it i 


lin 


60 






:= 


•94 




»» » 


1 in 


50 






= 


•93 




t> ) 


1 in 


40 






= 


•91 




»» > 


lin 


30 






» 


•88 




»» » 


1 in 


20 






= 


•81 




>» » 


1 in 


16 






= 


•73 




»» » 


1 in 


10 






= 


•56 




»» » 


lin 


9 






ra 


•40 




»» > 


lin 


8 






= 


•20 




Stone.— The Quai 


^TITY EQUAL TO 


A Ton in Weight. 




Cubic feet 






Sup. feet 


Vein marble . 


. . 13 


2 in." 


3fork paving . 




86 


Statuary marble 


..13i 


2J„ 


»» 




70 


Granite . 


. 13J 


3 » 


„ 




57i 


Kentish rag 


. 13i 


4 „ ^ 


fork landing . 




43 


Purbeck . 


. 13J 


6 „ 


»> 




28^ 


Yorkshire 


. IH 


8 „ 


»> 




21^' 


Blue Lias limestone 


. Ui 


2 .. ] 


Purbeck paving 




83 


Portland (best bed) 


, 16 


2J„ 


»» 




66J 


„ (top bed) . 


. iH 


3 „ 


»> 




55^ 


„ (roach) . 


. ni 


3 „ 


aranite . 




54 


Cragleith' . 


. IH 


4 „ 


»» 




39 


Bath 


. 18 


6 „ 


»» 




27 


Caen 


. 18 


9 » 


» 








18 
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The Weights of Limes and Cement. 
Meoiwred in Large Quantities. 



Description 


Weight per 
Bushel 


Weight per 
Cubic foot 


In Lump {from Kiln)— 

Plymouth stone lime .... 

Grey Chalk „ .... 

Eeynsham blue Lias .... 

Lyme Regis „ .... 
Ground {Fresh) — 

Plaster of Paris 

Eeynsham blue Lias .... 

L}Tne Regis „ .... 

Roman cement 

Portland „ 


LbB. 
70 
56 
80 
76 

74 
68 
70 
80 
110 


Lbs. 
54-6 
44 
62-4 
585 

57-7 
490 
54-5 
62-4 
85-7 



Eates fob Boiler Insurance. 

The Manchester Steam Users' Association rate for boilers 
within forty miles of Manchester is IZ. Ws. 6d, per boiler 
insured for 6001. The guarantee covers the injury to the 
boiler or surrounding works in the event of accident. — 
(Offices, 9 Mount Street, Manchester.) 

One entire examination of the boiler is required annually 
when not in steam. 

The periodical examinations are made about every four 
months when steam is up. 

Employers' Liability Act, 1880. 

Insurance Eates /or Workmen. 
The Employers' Liability Assurance Corporation, 84 
King William Street, London, E.G., issue two sets of 
policies — one to protect the employer from liability under 
the Act should the accident fall within the provisions of the 
Act, the other a general policy that covers all accidents and 
employer's liability, and which allows sums for temporary 
disablement through accident on the weekly payment system. 
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Batbb {Employer^i Liability only). 





Per cent. 




BrickjardB (no steam) 

„ (steam) . 
Building (scaffolds) . 
Com mills 


, 2 on 
. 3 
. 4 6 
. 3 


annual wages paid 
»» »» 
»» >» 
»» »» 


Engineering works . 

Quany . 

Timber . . . . 


. 2 6 
. 4 
. 3 6 


•» »> 
»> if 


Horse dealers . 


. 6 


»> M 



Joint policies, covering all employer's risks under the 
Act of 1880, and where the employer is not liable under it, 
giving compensation to workmen, are issued at the following 
rates : — 

In case of death, one year's wages. 

In case of total disablement, one-third of a weekly wage 
for a period not exceeding twenty-six weeks. 

Chapter 42. 

An Act to extend and regulate the liability of Employers to 
make Compensation for Personal Injuries suffered by 
Workmen in their Service, [September 7, 1880.] 

* Be it enacted by the Queen's most Excellent Majesty, 
by and with the advice and consent of the Lords Spiritual 
and Temporal, and Commons, in this present Parliament 
assembled, and by the authority of the same, as follows : — 

* 1. Where after the commencement of this Act personal 
injury is caused to a workman — 

* (1) By reason of any defect in the condition of the ways, 
works, machinery, or plant connected with or used in the 
business of the employer ; or 

* (2) By reason of the negligence of any person in the 
service of the employer who has any superintendence en- 
trusted to him whilst in the exercise of such superinten- 

or 
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* (3) By reason of the negligence of any person in the 
service of the employer to whose orders or directions the 
workman at the time of the injury was bound to conform, 
and did conform, where sach injury resulted from his having 
so conformed ; or 

* (4) By reason of the act or omission of any person in 
the service of the employer done or made in obedience to 
the rules or byelaws of the employer, or in obedience to 
particular instructions given by any pei^son delegated with 
the authority of the employer in that behalf; or 

* (5) By reason of the negligence of any person in the 
service of the employer who has the charge or control of 
any signal, points, locomotive engine, or train upon a 
railway .... 

the workman, or in case the injury results in death, the 
legal personal representatives of the workman, and any 
persons entitled in case of death, shall have the same right 
of compensation and remedies against the employer as if the 
workman had not been a workman of nor in the service of 
the employer, nor engaged in his work. 

* 2. A workman shall not be entitled under this Act to 
any right of compensation or remedy against the employer 
in any of the following cases ; that is to say, 

* (1) Under sub -section one of section one, unless the de- 
fect therein mentioned arose from, or had not been dis- 
covered or remedied owing to, the negligence of the employer, 
or of some person in the service of the employer, and en- 
trusted by him with the duty of seeing that the ways, works, 
machinery, or plant were in proper condition. 

*(2) Under sub-section four of section one, unless the 
injury resulted from some impropriety or defect in the rules, 
byelaws, or instructions therein mentioned; provided that 
where a rule or byelaw has been approved or has been 
accepted as a proper rule or byelaw by one of Her Majesty's 
Principal Secretaries of State, or by the Board of Trade or 
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any other department of the Government, under or by 
virtue of any Act of Parliament, it shall not be deemed for 
the purposes of this Act to be an improper or defective rule 
or byelaw. 

* (3) In any case where the workman knew of the 
defect or negligence which caused his injury, and failed 
within a reasonable time to give, or cause to be given, 
information thereof to the employer or some person superior 
to himself in the service of the employer, unless he was 
aware that the employer or such superior already knew of 
the said defect or negligence. 

' 3. The amount of compensation recoverable under this 
Act shall not exceed such sum as may be found to be 
equivalent to the estimated earnings, during the three years 
preceding the injury, of a person in the same grade employed 
during those years in the like employment and in the dis- 
trict in which the workman is employed at the time of the 
injury. 

* 4. An action for the recovery under this Act of com- 
pensation for an injury shall not be maintainable unless 
notice that injury has been sustained is given within six 
weeks, and the action is commenced within six months 
from the occurrence of the accident causing the injury, or, 
in case of death, wiihin twelve months from the time of 
death : Provided always, that in case of death the want of 
such notice shall be no bar to the maintenance of such action 
if the judge shall be of opinion that there was reasonable 
excuse for such want of notice. 

*5. There shall be deducted from any compensation 
awarded to any workman, or representatives of a workman, 
or persons claiming by, under, or thiough a workman in 
respect of the cause of action arising under this Act, any 
penalty or part of a penalty which may have been paid in 
pursuance of any other Act of Parliament to such workman, 
repi-esentativcs, or persons in respect of the same cause of 
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action ; and where an action has been brought under this 
Act by any workman, or the representatives of any work- 
man, or any persons claiming by, under, or thi-ough such 
workman, for compoDsation in respect of any cause of action 
arising under this Act, and payment has not previously been 
made of any penalty or part of a penalty under any other 
Act of Parliament in respect of the same cause of action, 
such workman, representatives, or person shall not be 
entitled thereafter to receive any penalty or part of a 
penalty under any other Act of Parliament in respect of the 
same cause of action. 

*6. — (1) Every action for recovery of compensation 
under this Act shall be brought in a county court, but may, 
upon the application of either plaintiff or defendant, be re- 
moved into a superior court in like manner and upon the 
same conditions as an action commenced in a county court 
may by law be removed. 

* (2) Upon the trial of any such action in a county court 
before the judge without a jury one or more assessors may 
be appointed for the purpose of ascertaining the amount of 
compensation. 

* (3) For the purpose of regulating the conditions and 
mode of appointment and remuneration of such assessors, 
and all matters of procedure relating to their duties, and 
also for the purpose of consolidating any actions under this 
Act in a county court, and otherwise preventing multiplicity 
of such actions, rules and regulations may be made, varied, 
and repealed from time to time in the same manner as rules 
and regulations for regulating the practice and procedure in 
other actions in county courts. 

* " County court " shall, with respect to Scotland, mean 
the " Sheriff's Court," and shall, with respect to Ireland, 
mean the " Civil Bill Court." 

* In Scotland any action under this Act may be removed 
to the Court of Session at the instance of either party, in 
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the manner provided by, and subject to the conditions pre- 
scribed bjy section nine of the Sheriff Courts (Scotland) Act, 
1877. 

' In Scotland the sheriff maj conjoin actions arisiag out 
of the same occurrence or cause of action, though at the in- 
stance of different parties and in respect of different injuries. 

' 7. Notice in respect of an injury under this Act shall 
give the name and address of the person injured, and shall 
state in ordinary language the cause of the injury and the 
date at which it was sustained, and shall be served on the 
employer, or, if there is more than one employer, upon one 
of such employers. 

* The notice may be served by delivering the same to or 
at the residence or place of business of the persom on whom 
it is to be served. 

* The notice may also be served by post by a registered 
letter addressed to the person on whom it is to be served at 
his last known place of residence or place of business ; and, 
if served by post, shall be deemed to have been served at the 
time when a letter containing the same would be deliyeied 
in the ordinary course of post ; and, in proving the service 
of such notice, it shall be sufficient to prove that the notice 
was properly addressed and registered. 

* Where the employer is a body of persons corporate or 
unincorporate, the notice shall be served by delivering the 
same at or by sending it by post in a registered letter ad- 
dressed to the office, or, if there be more than one office, any 
one of the offices of such body. 

* A notice under this section shall not be deemed invalid 
by reason of any defect or inaccuracy therein, unless the 
judge who tries the action arising from the injury mentioned 
in the notice shall be of opinion that the defendant in the 
action is prejudiced in his defence by such defect or in- 
accuracy, and that the defect or inacciiracy was for the 
piu^ose of misleading. 
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'8. For the purposes of this Act, unless the context 
otherwise requires, — 

'The expression ''person who has superintendence en- 
trusted to him " means a person whose sole or prin- 
cipal duty is that of superintendence, and who is not 
ordinarily engaged in manual labour : 
' The expression " employer " includes a body of persons 

corporate or unincorporate : 
' The expression " workman " means a railway servant 
and any person to whom the Employers and Workmen 
Act, 1875, applies. 
' 9. This Act shall not come into operation until the first 
day of January one thousand eight hundred and eighty-one, 
which date is in this Act referred to as the commencement 
of this Act. 

' 10. This Act may be cited as the Employers' Liability 
Act, 1880, and shall continue in force till the thirty-first day 
of December one thousand eight hundred and eighty-seven, 
and to the end of the then next Session of Parliament, and 
no longer, unless Parliament shall otherwise determine, and 
all actions commenced under this Act before that period 
shall be continued as if the said Act had not expired/ 

The Agricultural Holdings Act (England), 1883. 
Drainage, 

Capital money under the Settled Land Act 1882 may, 
under Section 25 of that Act, on a certificate of the Land 
Commissioner, or of a competent engineer, or an order of the 
Court, be applied in Drainage Works. 

A tenant for life of a settled estate • is thus enabled to 
sell a portion of his land for the purpose of executing 
drainage works on the remaining portion. (See also 8 <i^ 9 
Vic. c. 56.) 

See also Public Money Drainage Acts — viz. 9 & 10 
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Vic c. 101, 10 & 11 Yic. c. 11, 11 & 12 Yic. c. 119, 13 & 14 
Yic. c. 31, 19 & 20 Vic. c. 9. 

See also Improvement of Land Act, 1864 — viz. 27 & 28 
Vic. c. 114. 

Improvements to which consent of Landlord is required 
under 1883 Act. 

Ei-ection or improvement of buildings. 

Formation of silos. 

Laying down permanent pasture. 

Making and planting osier beds. 

Water meadows and irrigation works (new). 

Water gardens (new). 

Making or improving roads or bridges. 

Making or improving ponds, watercourses, wells, reser- 
voirs, water power, water supply. 

Making fences. 

Planting hops. 

Planting orchards or fruit bushes. 

Reclaiming waste land. 

Embankments and sluices against floods. 

Notice of intended drainage by tenant must be given to 
Landlord. 

Consent of Landlord is not required to — 

Boning land with undissolved bones. 
Chalking land. 
Clay burning land. 
Claying land. 
Liming land. 
Manuring land; 

Application of artificial manures or consumption of corn 
or cake, &c. 
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Silos akd Ensiling. 



Great hopes have been expressed that hay miglit be 
turned to profitable account by the above in long-continued 
spells of wet weather. The process of ensiling green crops 
is not by any means a new one, but lately it has been the 
subject of much discussion, so that some reference should be 
made as to the cost of the process and the success that those 
who have tried it have met with. 

There are at present in this country a total of 610 silos, 
of which 36 are situated in Wales, 60 in Scotland and 514 
in England. 

The temperature ranges in the silos from 90° F. to as 
high as 120° F., but should go over 125° E. at a pressure of 
200 lbs. per sq. foot. The methods of securing the pressure 
are by weights made variously of pig iron, cement, boulders 
laid on the covering planks by hand labour and so removed, 
hydraulic jacks, and special mechanical processes, none of 
them very perfect. The admission of air trebles the amount 
of decomposition, and large quantities of carbonic acid are 
given off. The cost of the construction of silos in brick and 
cement averages from 14^. 6c?. per ton of ensilage made to 
11, Is, lOd. per ton. 

It is important that a bed of concrete not less than 12 
inches in thickness should form the floor of the silo, so that 
in converting old barns into silos especial care should be 
taken on this point, and the foundations of the walls ex- 
amined, otherwise when pressure comes to be applied the 
walls may give outwards. 

Pressure should be applied mechanically ; it enables the 
owner to fill up the silo without having to expend labour 
every time in putting the hand weights on and off; further, 
to have some 20 tons of pig iron at 40*. lying on every farm 
merely as weights is not an economy. 

Reynolds's process of applying pressure by means of 
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chains, beams, and tighteners is worthy of attention. For 
instance, a silo 15 x 12 feet wide is to have a pressure of 
200 lbs. per square foot. 

Two beams, with 2 chains on each beam, will be required 
when 8 tons pressure is exerted on each beam, in all 16 
tons; this divided by the area of the silo, 15 x 12 feet = 200 
lbs. per square foot pressure on the silage. 

Spbcifioation op Ketnolds*s Silo. 

A silo 60 X 12 feet deep x 12 feet wide. Pres- 
sure to be 200 lbs. per sq. foot, requires 8 
beams, 9 inches wide x 7 deep, carrying 16 
chains each of 20 feet, in all 320 feet of chain, 
at 1*. per foot £16 

16 sets cast-iron brackets for chain rollers pro- 
vided with coach screws for screwing to ends 
of beam, at 8«. per set . . . . . 6 8 

Sixteen washer plates with pins, each 2s. , . 1 12 

One 4-ton screw chain and stretcher, with 
hooks 4 

Two cast-iron chain rollers, each lOt. . . 10 

£29 

That a farmer should have the power and means of 
ensiling his hay, <kc., is obvious enough in a climate with a 
rainfall like England has ; to depend upon it is to strain the 
object. To tell him that it will do marvels for him is to 
mislead him. At the present stage of the question the 
desirability of converting useless buUdings, when possible, 
into silos is decided in the affirmative ; that of whether a 
landlord shall erect new silos at his own expense for the use 
of the tenant, I think is one that the evidence of necessity 
before the agricultural community does not justify to be 
answered in the affirmative at present. But the question is 
one solely devolving upon the modem practice of agriculture ; 
the rules for construction are the same as for any other 
similar structure, it being noted that on gravel and such 
strata are the most preferable sites for pit silos, as the ballast 
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excavated will serve to make the concrete necessary for the 
work, and that the admission of air regulates the waste of 
material due to partial or incomplete combustion. The 
class of fermentation to be aimed at is that of the fermenta- 
tion in a well-filled sealed flask in a laboratory rather than 
the destructive type, such as spontaneous combustion due 
to excessive temperature produced by rapid oxidation. 

The usual chemical changes which are the result of 
ensilage appear to be fairly represented by the following 
analysis, from which it will be seen that there is an increase 
in flesh-forming compounds and a decrease in indigestible 
fibre : — 

Clovbr-hay and Silagb (dried to 212° F.). 





Hay 


Silage 


Albuminoid substances, soluble . 

„ „ insoluble in water . 
Sugar, gum, and extractive matter 
Fatty matter, chlorophyle, &c. . . . 
Indigestible wood fibre .... 
Mineral sojuble in water . 

„ insoluble „ .... 


2-87 
7-83 

47-31 
2-96 

32-84 
2-51 
3-68 


7-65 

4-89 
53-44 

311 
22-16 

5-71 
314 


100-00 


10000 



Farmers intending to emigrate should study the con- 
struction of silos at home, before leaving. The first year of 
settling after clearance to be able to ensilage the green crops 
may be of gi*eat assistance to the emigrant who is short of 
labour, and whose attention can be thereby turned to other 
matters, and so secure that *good start right away' that 
makes him in the future. It is the number of things to be 
done, and himself being the only man there to do them, that 
is the diflBlculty to the newly arrived settler ; and here let me 
advise all who think of emigrating, to first learn at home 
the rudiments of surveying, the use of carpenter's tools, 
blacksmith's work, and how to lay bricks. To come out 

S 
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ignorant of such things is to have to pay dearly for such 
work, and if a had season or two to start with takes the 
emigrant's capital, to he adrift in a colony without a handi- 
craft to &M hack on, pending a fresh start, is to go through 
an amount of misery that most avoid hy degenerating into a 
'sundowner' or tramp, who goes from station to station 
existing on what may he given him, and often starving. But 
if a man comes out to a colony with a knowledge of such 
trades as I name, he can soon earn enough to start by 
exercising his handiwork on stations, and so gaining his 
experience gratis before risking his capital. The colonies 
are made up of two classes, capital and no experience, and 
experience and no capital, and it is solely the result of what 
I have frequently said here, and what emigrants bitterly rea- 
lise the truth of when they meet with their first reverse, 
have gained the experience and lost their capital, that to 
emigrate to farm without knowing a useful trade is to run 
a very good chance of starvation. 

Be verting to the original subject of ensilage, the writer 
anticipates that no difficulty will be found in construction if 
a proper foundation be secured. The uses and advantages of 
the process are purely an agricultural and commercial ques- 
tion for discussion. It would seem that a temperature of 
125^ F. is £sttal to the bacteria of add fermentation, and 
with regular pressure, sweet ensilage is secured. 

I^otes on Abyssinian Tube Wells for supplying Stock. 
Legrand cmd Sutcliff*s Patents, 

Reference was made to tube wells in the chapter on 
Water Supply, but some further details are given here as to 
cost and method of putting down the Jubes. Of the advan- 
tages of the systems there can be no question, yet they are 
not used for the simple reason that, like many other modem 
and valuable engineering appliances, land agents and tenant 
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farmers do Dot know of their existence until someone tries 
the experiment. The slightest reflection will convince the 
owner of land that, if he can screw down a pump anywhere 
and get water, to sink a well is a useless expense. The 
writer knows a case where a farm was thus provided with a 
water supply of 300 gallons per hour during the drought 
(1884), and let for the only reason that it had a water- 
supply at hand, after having been advertised in vain. The 
enormous waste of time and labour on some farms in fetch- 
ing water appears incredible to an engineer, yet it is but an 
instance of the want of the knowledge of modern means and 
appliances. 

Driving the Tubes. — The first tube is of specially tough 
iron, pointed with holes perforated into it of J to J inch 
diameter. The point is made like a bulb, to allow for the 
downward passage of the socket joint of each successive 
length of tube. To the head of this first tube a clamp pro- 
vided with steel teeth is fastened. This is tightly screwed 
up to the tube by means of two bolts. Next a monkey 
weight is slipped on to the tube, or cast-iron driving weight, 
which is raised and let fall alternately by means of pulleys 
and ropes, as in the practice of driving piles. Every time 
the monkey falls on the clamp, if the clamp is kept well 
screwed up to grip the tube tightly, so that no slipping takes 
place, the tube penetrates the ground. When the clamp is 
driven down by the tube sinking out to the surface of the 
ground, a fresh length of tube is screwed on, the clamp 
released, lifted higher up number 2 tube, tightened, and 
driving recommences again. Tube after tube is thus driven 
down till water is reached. The blow of the monkey and 
direction of the tube are to be carefully kept truly vertical 
in driving, being frequently plumbed for accuracy. Two 
men are required for the work. Another arrangement 
admits of the blow being given down the tube itself at the 
very point where the perforation of the earth has to take 

8 2 
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pilose. This is effected by a steel plug which is afterwards 
removed. The rate of progress is as much as 70 feet a day 
in loose gravel and clay. 

The clearance of the perforated holes and tubes of earth, 
when the driving down is finished, is the next step. The 
presence of water is first denoted by trying with the plumb 
bob. A special form of syringe pump is used, which alter- 
nately syringes water down inside the tube and out through 
the perforations and sucks it up again. The great secret 
lies in continuing this syringing till a cavity is formed all 
round the point of the first tube — ^in fact, a sort of well and 
filter bed. 

The whole being so far satisfactorily established, the pro- 
cess of pumping may be thus described. 

Pumpirig from Tube Wells, — The joints in each tube 
having been made thoroughly tight with white lead, the 
pump supplied acts in the following way : — All atmospheric 
pressure is removed from the water in the tubes at each 
stroke of the pump ; pressure being transmitted equally and 
in all directions by fluids, it follows that the water flows to 
the tube by being drawn there, and not by mere gravitation. 
The pressure that is on the water pumped may be exerted 
on it a mile or so away underground. Hence the large 
supply. 

In coupled tube pumps, tubes are sunk over a consider- 
able area, and are connected together by a horizontal main, 
which is pumped out by a steam engine ; thus the friction of 
drawing so large a body of water to one spot by one channel 
is avoided, and, what is important to observe, the under- 
ground water communications are extended and maintained 
over a large area, and the water level is thus not so quickly 
lowered by long-continued pumping. Thus at West Thur- 
rock, in Essex, two 5-inch tube wells coupled together, each 
about 80 feet deep, yield a joint total supply of 220,000 
gallons per day ; at Northfleet another similar system yields 
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60,000 gallons per day ; in neither case did the cost exceed 
QOl. each. Thus it will be seen that, the water level under- 
ground being once clearly established by a percussion tube 
well being driven on an estate, the supply of water in a way 
that is proof against contamination for stock can be obtained 
at a definite cost and with but little labour. It may become 
advisable to license dairy farms and to regulate their internal 
arrangements to secure purity and sanitary precautions; 
without which epidemic disease is always liable to occur. To 
attempt to make a cheese factory or dairy farm succeed with- 
out securing an ample supply of pure water is waste of time 
and money, and this rule may well be taken to heart. Be- 
fore anything is done towards establishing a milk factory, or 
any such system, first bore for water, and gauge the quantity 
and quality of the water. Use tube wells only and contami- 
nation is impossible ; but this is not done, and the writer 
knows of more than one lamentable failure through neglect 
of the agent to deal with the water supply first. 

Tablb of Cost of Tube Wells fob SiNKiNa by Pbecussion. 



Diameter of tube 
1^ inches 



Yield per xninute 
6 to 12 gallons 
6 to 14 „ 



Oost (fitted up oomplete) 

£ s. d, £ s. d, 

6 10 to 10 10 

10 10 „ 18 



At Much Hadham two l^-inch tubes were driven 44 
feet each, and at a total oost of imder 36^., yielded a supply 
of 400 gallons per ho\ir, fixed with pumps complete. 

AvEBAGE Cost of Matebials. 



Tube well 


1^ inch tube, 


2 inch tube, 


8 inch tube, 


without pamp 


inside diameter 


inside diameter 


inside diameter 




£ s. d. 


£ *. d. 


£ «. d. 


12 feet 


2 10 


6 


10 


18 „ 


3 10 


7 


14 


24 „ 


4 10 


9 


18 


30 „ 


5 10 


11 


22 


36 „ 


6 10 


13 


26 


Extra (per foot). 


3 4 


6 8 


13 4 
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The pump for the head of the tube costs from 3^. to 47. 
In all cases an experienced well-driver should be hired from 
th^ makers (100 Bunhill Row, London, E.G.), which may 
be done for lOa, per day, and two labourers will have to be 
found by the agent from the estate. Before driving with a 
3-inch tube it is necessary to test with a l^inch tube first. 
This class of tube well is for clay, gravel, and sandy soils 
only. 

Table of Cost of Abtesian Bobed Wells. Cost of Bobing 
olfly (exclusive of tubes, &c.) fbom subfacb. for 
Labge Supplies of Watbb fbom Deep Stbata. 

In easy strata such as allnvial soil : — 

Feet «. «. 

Not exceeding . • 100 from 10 to 20 per foot. 

200 „ 15 „ 30 

300 „ 20 „ 40 

400 „ 25 „ 60 

500 „ 30 „ 60 „ 

According to size of hole and stiata. 

Cost of Bobing in Blowing Sands, Rock, Stone, &c. 

s. s. 

100 feet from 20 to 60 per foot 

200 „ , 30 „ 80 „ 

400 „ 35 „ 90 „ 

500 „ „ 40 „ 100 „ 

These prices are for borings 3 to 7 inches diameter; 
the tubes costing from 4^. to 14^. per foot ready with steel 
sockets screwed. 

These prices are only given to form some idea of the cost 
of supply by artesian bored tube wells, and the percussion 
tube well or Abyssinian pump. Such work is best under- 
taken by contract with the makers, unless some one on the 
estate has had previous experience of the work. At 
Burton-on-Trent about 2,000,000 gallons of water are got 
daily from these tube wells, which are coupled for supply in 
series. The great advantage lies in tube wells being proof 
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from surface contaminations ; thus they are hest for cottages 
and in villages for supply. 

Note on Impurities in Creosote for Preserving Woodwork 
and Hop-poleSy Bailway Sleepers, <kc. 

Of late years the adulteration of creasote has increased 
to such an extent that engineers have found it desirable to 
draw up a specification of quality when ordering it. It is 
advisable that the Royal Agricultural Society's directions 
for analysis and security of samples be strictly adhered to, 
and a sample sent to their chemist for analysis drawn from 
that supplied before any is used or any acceptance of de- 
livery made. 

Specification for Creasote, 

1. The liquor must be free from the admixture of any 
oil or other substance not obtainable from the distillation of 
coal at temperatures ranging between 350° F. and 760° F. 

2. It must yield 65 to 70 per cent, of products when 
distilled from its boiling-point to 610° F. 

3. By repeated agitation with successive portions of 
solution of caustic soda of 1-125 (25° Twaddell) specific 
gravity, the distillate must yield not less than 10 per cent, 
of crude carbolic and cresylic acids (coal-tar acids). 

4. The creasoting liquor shall contain not less than 20 
and not more than 30 per cent, of constituents that do not 
distil over at a temperature of 610° F. 

5. It should become completely fluid when raised to a 
temperature of about 95° F., and remain so whilst cooling to 
a temperature of 85° F. 

6. Water being 1,000 at 60° F., the specific gravity of 
the liquor must not be less than 1,035, nor more than 1,065 
in proportional specific gravity. 

If an analysis of the sample taken from bulk is in 
accordance with these tests the creasote may be used ; if not^ 
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it should be returned ' not according to specification/ Ex-' 
cept creasote contains at least 9 per cent, of crude carbolic 
add it is, in mj opinion, valueless to use on wood as a pre- 
servative, and experience on railways and in coal mines 
with sleepers and supports confirms the amount necessary at 
10 per cent. With liiat quantity it is decidedly the most 
effective preservative of timber we have, capable of easy and 
direct application. 

Where it is stored, there should always be kept a few 
buckets of sand in case of fire — water is of no use. It should 
never be stored in farm buildings. 

Measubbmbnts of Land. 
Dimefuions of a statute acre in yards, from 1 to 100 yards hy length. 



Length 


Width 


Length 


Width 


Length 


Width 


Ydii. 


Yd8. 


ft. 


in. 


Yds. 


YdB. 


ft. in. 


Yd8. 


Yds. 


ft. in. 


1 


4840 








26 


186 


6 


51 


94 


2 9 


2 


2420 








27 


179 


10 


52 


93 


3 


3 


1613 


1 





28 


172 


2 7 


53 


91 


1 


4 


1210 








29 


166 


2 9 


54 


89 


1 11 


5 


968 








30 


161 


1 


55 


88 





6 


806 


2 





31 


156 


6 


56 


86 


1 4 


7 


691 


1 


4 


32 


151 


9 


67 


84 


2 9 


8 


605 








33 


146 


2 


58 


83 


1 5 


9 


537 


2 


4 


34 


142 


1 1 


59 


82 


2 


10 


484 








35 


]38 


11 


60 


80 


2 


11 


440 








36 


134 


1 4 


61 


79 


1 1 


12 


403 


1 





37 


130 


2 6 


62 


71 


2 


13 


372 


1 





38 


127 


1 2 


63 


76 


2 6 


14 


345 


2 


2 


39 


124 


4 


64 


75 


1 11 


. 16 


322 


2 





40 


121 





65 


74 


1 5 


16 


302 


1 


6 


41 


118 


2 


66 


73 


1 


17 


284 


2 


2 


42 


115 


9 


67 


72 


9 


18 


268 


2 


8 


43 


112 


1 9 


68 


71 


7 


19 


254 


2 


3 


44 


110 





69 


70 


6 


20 


242 








45 


107 


1 8 


70 


69 


6 


21 


230 


1 


6 


46 


105 


8 


71 


68 


7 


22 


220 








47 


103 





72 


67 


8 


23 


210 


1 


4 


48 


100 


2 6 


73 


66 


11 


24 


201 


2 





49 


98 


2 4 


74 


65 


1 3 


25 


193 


1 


10 


50 


96 


2 5 


75 


64 


1 8 
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Measurements op LASD—cont. 



Length 


Width 


Length 


Width 


Length 


Width 


Yds. 


Yds. ft. hi. 


Yds. 


Yds. ft. in. 


Yds. 


Yds. ft. in. 


76 


63 2 1 


85 


56 2 10 


93 


52 2 


77 


62 2 '7 


86 


56 11 


94 


51 1 6 


78 


62 2 


87 


55 1 11 


95 


50 2 11 


79 


61 10 


88 


55 


96 


50 1 3 


80 


60 I 6 


89 


54 1 2 


97 


49 2 9 


81 


59 2 4 


90 


63 2 4 


98 


49 1 2 


82 


59 1 


91 


53 7 


99 


48 2 8 


83 


58 1 


92 


52 1 10 


100 


48 1 3 


84 


57 1 11 











A Ready Reckoner for the Land Surveyor. 



The/ 


ollowing 


table gwe$ t 


"kevah 


leofla/nd 


per 


yard oflMLper acre 






of 4,840 squa/re ya/rdi. 




Per aq. 


yd. 


Statute acre. 


Per 80 


.yd. 


Statute acre. 


£ *, 


d. 


£ 


s. 


d. 


£ «. 


d. 


£ », d. 





3 . 


60 10 





12 


6 


. . 3,026 





6 . 


121 








15 





. . 3,630 


1 


. 


242 








17 


6 


. . 4,236 


2 


. 


484 








1 





. . 4,840 


2 


6 . 


605 








1 5 





. . 6,050 


3 


. 


726 








1 10 





. . 7,260 


3 


6 . 


843 








1 15 





. . 8,470 


4 


. 


968 








2 





. . 9,680 


4 


6 . 


1,089 








2 10 





. . 12,100 


5 


. . 


1,210 








3 





. . 14,620 


6 


6 . 


1,331 








3 10 





. . 16,940 


6 


. 


1,452 








4 





. . 19,360 


7 


6 . 


1,815 








5 





. . 24^00 


10 


. 


2,420 
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ABC 

ABC process of treatiDg 

sewage, 90 
— cost of, 95 
Abyssinian tube well pump, 106 

— tube weUs for supplying 
stock, note on, 5S68-262 

Agricultural Drainage Acts, 
list of, 253 

— Holdings Act, 1883, 253, 
254 

Air, cubical expansion of, 240 

— pressure of, as sbown by the 
water-gauge, table, 237, 238 

— pressures and velocities, 
table of, 238 

Analysis of clay soils, 127 
Angles, vertical, how taken, 26 
Appold's centrifagal pump, 

197 

table, 198 

Artesian bored wells, cost of, 

262 

— borings, 97 
Available rainfall, 32 



Babometeb, 
the, 19 



levelling with 



BRI 

Barometer readings, table of 
feet corresponding to differ- 
ent, 20 

Bench mark, 17 

Best beam from a log, how to 
cut the, 137 

Blasting, rules for, 164, 165 

— under water, 167 

Bogs and swamps, drainage of, 

61 
Boilers, Cornish or Lancashire, 

172 

— cylindrical, dimensions of, 
172 

— incrustation of, 179 

— inspection of, 179 

— insurance of, 179 
rates for, 247 

— proving : cold hydraulic 
test, 174 

— steam, types of, 169 

— tubular, proportions for, 
171 

Bricklayers' labour table, 130 
Brickwork, English and Flem- 
ish systems of, 129 

— laying of, 129 

— measurement of, 128 
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BRI 
Bridges, permament loads on, 

136 
Building stones, 117 

strengths of, 118 

Bums' gunpowder, 165 
Burnt claj, 126 
Buttresses, 130 



Capacity of cylinders, best 
proportion of, 194 

Cast-iron water pipes, dimen- 
sions of, 98 

- girders, breaking weights 
of, 140 

* Catchment basin,* 32 

Centrifugal pumps, table for, 
198 

Appold's, 197 

Cesspools, treatment of, 83 

Coal, gas products of, 223 

— proving existence of seams, 
146 

Clay, burnt, 126 

— for bricks, 1^4 

— soils, analysis of, 127 
Clays, porcelain, or kaolin, 

125 
Clinometer, levelling with the, 
for trial levels, 1 9 

— adapted for measurements 
for preliminary surveys and 
road construction, 27 

Coal, weights of different 

classes of, 173 
Colonies, attention paid to 

economy in, 2 

— necessity to learn a trade 
before emigrating to, 257, 
268 



DBA 

Common mortar, 121 
Compound engines, expansion 

of, 194 
Concrete or beton, 122 
Construction of roads, 163 
Creasote, specification for, 263 
— note on impurities in, for 

preserving woodwork, &c., 

263 
Cultivation of Great Britain, 

proportional, 243 
Curvature of earth, 12 
Curves, protection .of, 77, 79 
Cylinders, best proportion of 

capacity of, 194 
Cylindrical boilers, dimensions 

of, 172 



Deep wells, power table for, 
103 

Defective surface drainage due 
to inefficient subsoil drain- 
age, 39 

Defences, sea and tidal, 79 

Dimensions of cylindrical boil- 
ers, 172 

Disposal of sewage, 82 

Double-engine system, the, 191 

Drainage, Acts to assist, 263, 
254 

— areas and water-supply, 
table of, 33 

— contracts, cost of, in Mid- 
land Counties, 56 

— house, 82 

different systems of, 82 

precautions as to, 83 

— of land, classification of, 
37 
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DRA 

Dramage, subsoil, 37 

length of pipes required 

in, per acre, 42 

— tools, average cost of, 43 
Drain pipes, heads in, 49 
discharge of, 48 

— — quality of, 47 
rule for, 48 

table for calculating, 48 

Drop wheat, golden, 91 

Dry rot in flour, cause of, 

154 
Dumpy level, use of, 11-14 
Dynamite, 166 



FIB 

Ensilage, 265 

— analysis of, 257 
Evaporative power of fuels, 

170 
Excavation and filling, labour 

in, 152 

liming, tables, 244, 245 

Excessive saturation of the 

soil, how denoted, 65 
Expansion of air, cubical, 240 

— water, 240 

— of compound engine, 194 
Extincteurs, chemical, 203 



Eabth, curvature of, 12 
Earthwork, angles of stability 
for, 148 

— slopes in, 149 

— weight of, 149 

Eau Brink Cut, results of low- 
level drainage of, 81 
Electricity, uses of, 216-221 
Electric fire alarms, 220 

— telegraph and telephones, 
220 

Embanking of rivers, 67, 73, 

75 
Embankments, alteration of 

direction in, 77 

— labour table for, 76, 77 
Employers* Liability Act, 247- 

253 

Engine plant, cost of, 191 

Engines, steam, sizes and com- 
parative cost of, 184 

various types of, 183, 

184 

compound, 186 



Fat lime, slaking of, 120 
Feed water, 178 
Field book, level, 18 
Filling and excavation, labour 

in, 152 
Filtration, water supply and, 

97 

— methods of obtaining, 97 

— spongy iron system of, 
102 

Fine adjustments, surveying 

instruments, 19 
Fire alarms, electric, 220 

— engines, manual, 204 

steam, 201 

different forms, 202 

power of, compared with 

manual, 202 

Shand and Mason's, in- 
structions for keeping in 
order, 207-215 

Firegrates, area of, 177 

Fluxes for solders for metals, 
239 

Fireclays, Stourbridge, 125 



Digitized by 



Google 



270 



ENGINEERING FOR ESTATES 



FLO 

low of water through pipes, 

formula for ascertaining, 

115 
Fuel, 178 
Fuels, evaporative power of, 

170 
Furring of boilers, 179 
Fuzes, 168 



GA8 lind its waste products, 
222 

— as power, 226 

— dimensions of mains, 226 

— products of coal, 223 

— purifiers, 223 

— retorts, 223 

— siphons, 223 

— tables of maximum supply- 
in cubic feet per hour, 225, 
226 

Gauge glasses, 175 

Glazing and painters' work, 
241, 242 

Golden drop wheat, 91 

Good timber, appearance of, 
133 

Grant's portable railway, 167 

Grass mixture for rides, 169 

Ground, estimation of undula- 
tion of surface of, 16 

Grown trees, on lifting, 228 

Gunpowder, 166 

Gunter's chain, 14 



Hardnbss of water, how best 

removed, 105 
bad for boilers, remedy, 

179 



JET 

Hardness of water, degree of, 

105 
Hill pastures, how drained, 

65 
House drainage, 82 

different systems of, 82 

Hydranta, 111 

Hydraulic general formula, 113 

— lifts, goods and passenger, 
116 

— mortar, 122, 123 

— power, 107 

— rams, 198 



Ice, storage of, 239 

Ineffective drains, how denoted, 
65 

Influence of rainfall on land 
drainage, 30 

Injectors and feed-pumps, 176 

Interception, failures of drain- 
age due to want of, 62 

— of water on crests of slopes, 
61 

Interest on property, rate of, 

234 
Iron, classification of, 139 

— cast, breaking weights of 
girders, 140 

— chains, table of safe working 
loads on, 140 

— roofs, weight of a super- 
ficial foot of sheet iron for, 
237 

Ironstones, 147 



Jetties, construction of, 78 
— eddies formed by, 78 
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JET 
Jetties, eddies formed by, pre- 
cautions against, 75 



Koch's gelatine test for water 
filters, 102 



Land, measnrements of, table, 
264, 265 

— drainage, classification of, 
37 

— surveyor, ready reckoner 
for, 265 

Lead, thicknesses and weights 
of sheeting, 242 

— in water, test for, 114 
Leeds sewage, cost of, 92 
Level field book, 187 
Levelling in railway operations 

a specific practice, 22 

— staff, graduation of, 1 6 

— with the barometer, 19 
Lifts, goods and passenger, 

hydraulic, 116 
Lightning conductors, 221 
Lime, 118 

— fat, slaking of, 120 

— various kinds of, 118 
Limes and cement, weights of, 

247 
Limes, hydraulic, 121 

— tenacity of, 122 
Limestones, 117 

— test for, 119 

Loads on bridges, permanent, 

136 
Log, to cut the best beam from 

a, 137 



PIP 
Machinery, wood-working, 

velocities for, 137 
Machines, stone-breaking, 154 
Main drains, outfalls of, 46 
Manual fire engines, 204 
Masonry, dry rubble, 131 
Measure, Jiish and Scotch, 

239 
Mercury and water column 

pressure, table, 110, 111 
Metal pipes, weight of, 121 
Minerals, chapter on, 142-147 
Moorland, reclamation of, 192 
Mortar, common, 121 

— hydraulic, 122, 123 

— materials for, weights and 
dimensions of, 124 

— quantity table, 123 
Mortars, tenacity of, 122 
Mosses, peat, drainage of, 62 



Nominal horse power per 1. 
foot fall of water, table of, 
109 



Outfalls of main drains, 46 
Ordnance survey, 17, 29 



Painters* work, 241 
Pastures, hill, how drained, 65 
Peat mosses, drainage of, 62 
Percolation gauge, 65 

advantage of, 66 

Piers in river beds, table of 

obstructions caused by, 74 
Pipes and tanks, 112 
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PIP 
Pipes and tanks, weights and 

materials for, how obtained, 

113, 121 
Plotting the section and datum 

line, 18 
Pipes, formula for ascertaining 

flow of water through, 116 

— weight of, 121 
Ploughing engines and tackle, 

steam, 189 

— subsoil, how effected, 46 

relative cost of, 46 

Pollution of water supply, 

causes of, and their removal, 

101 
Ponds, winter discharge of, 62 
Porcelain or kaolin clays, 126 
Portable railway. Grant's, 167 

— railways, 167 
cost of, 167 

Power table for deep wells, 
103 

— transmission of, by com- 
pressed air, 199 

by electricity, 216 

Pozzolanas, with mine dust, 

121 
Property, valuation of, 243 

— rate of interest on, 243 
Pressure of air, as shown by 

the water gauge, table, 237, 

238 
Proportions for tubular boilers, 

171 
Proving boilers : cold hydraulic 

test, 174 

— the steam gauge, 174 
Pulsometer, the, 198 

Pump, Abyssinian tube-well, 
106 



BIV 

Pumps, 196 

— and injectors, 176 

— centrifugal, table, 198 

— contents of, 196 

— hydraulic, 197 

— machine, 196 

— steam, 197 



Quantity of water due to a 
given rainfall over a given 
area, table, 34 

Quarrying, 160 

Quicklime, 118 



Railways, portable. Grant's, 
167 

cost of, 167 

Rainfall, 114 

— available, 32 

— in England, 36 

— influence of, on land drain- 
age, 30 

— in inches, table of discharge 
due to, 36 

Rain gauge, 31 

— water, weights of, 114 
Rams, hydraulic, 198 
Reclamation of moorland, 192 
Re-draining, 89 
Reservoirs, 116 

Retaining walls, formula and 

table, 161, 162 
Rides, grass mixture for, 169 
River beds, piers in, table of 

obstruction caused by, 74 

— currents, how diverted, 71 
rule to ascertain velocity 

of, 72 
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BIV 
River weeds, use of, 79 
Reynolds's silo, specification 

of, 266 
Rivers, embanking of, 67, 73, 

75 
materials used in, 76 

— table of comparative velocity 
of, 71 

beads, construction of, 163 

— — materials suitable for, 
165 

— ruling gradient for, 165 
Rubble masonry, dry, 131 

— stonework, 131 

Rules for blasting, 164, 166 

Running sand, how to drain, 
66 

thickness of, in North- 
umberland Avenue, London, 
67 

Rust preventive. 111 



Safety valves, 177 

area of, and firegrates, 

177 

* Sanitary surveyor or engineer,' 
86 

should pass a Govern- 
ment examination, 86 

Scalds, steam, 179-181 

Scales, table of, 29 

Scotch and Irish measure, 239 

Sea and tidal defences, 79 

— level, how to ascertain 
height above, 17 

— water, weights of, 1 13 
Section and datum line, plot- 
ting the, 18 

Sections, vertical scales for, 28 



STE 

Sewage, ABC process of treat- 
ing, 90 

— analysis of, 91 

— manure, products of, 91 
Sewer gas, test for, 114 

— plans, 87, 90 

— rate of fall, 86 

— soil pipe, 88 

— ventilation, 86 

Shafts excavation table, 244, 
245 

Sheet iron, weight of a super- 
ficial foot of, for iron roofs, 
237 

Sheet-piling, foundations ob- 
tained by, 68 

Silos and ensiling, 256-258 

Siphon discharges for low-level 
drainage, 200 

Siphons for sewers, 88 

Slips and their treatment, 150 

Soft water, 114 

Soil, excessive saturation of 
the, how denoted, 66 

— pipe, 88 
Solders, 239 

— for metals, fluxes for, 239 
Speaking tubes and the velo- 
city of sound, note on, 241 

Spongy iron system of filtra- 
tion, 102 

Spontaneous combustion, saw- 
dust liable to, 176 

Stability, angles of, for earth- 
work, 148 

— table of, De Buat's, 69 
Stable water, disposal of, 86 
Steam boilers, types of, 169 

— engines, various types of, 
183, 184 
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STE 
steam engines, sizes and com- 
parative cost of, 184 
compound, 186 

— fire engines, 201 

different forms of, 202 

Shand and Mason's, in- 
structions for keeping in 
order, 207-215 

— gauge, proving the, 174 

— ploughing engines and 
tackle, 189 

— ;■ pumps, 197 

— — working expansively, 
table of, 193 

Stone, quantity of, equal to a 

ton, 246 
Stone-breaking machines, 154 
Stone-breakers, trial of, 154 
Stones, building, strength of, 

10 
Stonework, 131 

— rubble, 131 
Storage of ice, 239 

Storm water drainage, treat- 
ment of, 83, 86 

Stourbridge fireclays, 125 

Structures, safe load in, 136 

Subsoil drainage, 37 

how to effect, 38 

how to be executed, 39, 

40 

introduction of, 40 

necessity for, 38 

precedes upper drainage, 

38 

— drains, length of pipes re- 
quired in per acre, 42 

— ploughing, how effected, 
46 

relative cost of, 46 



TAB 

Subsoil and surface drainage, 

causes of failure of, 58 
Surcharged walls, 151 
Surface drainage, defective, 
due to inefficient subsoil 
drainage, 39 
Surveys, charges for, 28 
Swamps, how treated, 65 
— and bogs, drainage of, 61 



Tables — 
Air pressure, 237, 238 
— and velocities, 238 
Bricklayers' labour, 130 
Discharge due to rainfall, 35 
Drainage area of water sup-r 

ply, 33 
Feet corresponding to differ- 
ent barometer readings, 20 
Gas : .maximum supply in 

cubic feet, 225, 226 
Land, measurements of, 264, 

265 
Mercury and water column 

pressure, 110, 111 
Mortar, quantities for, 123 
Nominal horse-power per 1 

foot faU of water, 109 
Proportions for wooden roofs, 

134 
Ready reckoner for land sur- 
veyors, 265 
Retaining walls, 151, 152 
Safe-working loads on iron 

chains, 140 
Scales, 29 

Stability, De Buat's, 69 
Steam working expansively, 
193 
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TRA 

Traction engines, details of, 
188, 189 

Velocity of rivers, compara- 
tive, 71 

Water due to a given rain- 
fall, 34 

— pressure due to head, 110, 

m 

— supply and drainage, 33 

— wheels, 107 

Wells, tube, cost of, 262 

— sewers, and shafts, exca- 
vation and lining of, 244, 
245 

Wooden roofs, proportions 
for, 134 
Tanks and pipes, 112 
Terminal pressure, 1 93 
Theodolite, the, 23 

— levelling may be effected 
by means of, 22 

Timber, appearance of good,133 
Timber, deal, classification of, 

133 
Tools, drainage, average cost 

of, 43 
Tonite, 166 
Traction, 245 

— engine, compound, for 
general purposes, 187 

details of, 188, 189 

Transmission of power by 

compressed air, 199 
Tree-roots, splitting, 163 
Tube wells, Abyssinian, for sup- 
plying slock, notes on, 258- 
262 



Undkrhay's patent 
closet, 84 



water- 



WAT 

Undulation of surface of 

ground, estimation of, 16 



Velocity of rivers, compara- 
tive, 71 

— sound and speaking tubes, 
note on, 241 

Vertical angles, how taken, 26 



Walls, retaining, formula and 
table, 151, 152 

— kitchen garden, precautions, 
128, 130 

— surcharged, 151 
Warping, 81 

Water, expansion of, 240 

— filters, Koch's gelatine test 
for, 102 

— hardness of, 105 

how best removed, 105 

— interception of, on crests of 
slopes, 61 

— lead in, test for, 114 

— pipes, cast-iron, dimensions 
of, 98 

— quantity of, due to a 
given rainfall, table, 34 

— sea, 113 

— supply, causes of pollution 
of, and their removal, 101 

and filtration, 97 

— table of nominal horse-power 
pep 1 foot fall of, 109 

— weights of, 113 
Water-closet, Underhay*s pa- 
tent, 84 

Water-mill, estimat ion of horse- 
power of a, 232 
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WAT 

Water-wheelB, table of, 107 
Wells, sewers, and shafts, tables 

for excavation, &c., of, 244, 

245 

— artesian bored, cost of, 262 

— tube, table of cost of, 
261 

Weight of earthwork, 149 

— metal pipes, 141 
Weights and measures, 235, 

236 

— of different classes of coal, 
173 

Weirs, gauging overflow of, 
234 

— notice necessary to Fishery 



TAB 

Conservators of intention to 
repair, alter, or raise, 68, 69 

Wire rope, 191 

Wooden roofs, simplest form 
of, 134 

table of proportions for* 

134 

Woods that can be exposed in 
water, list of, 240 

Woodwork, 133 

Woodworking machinery, velo- 
cities for, 137 



Tabds, stable, disposil of rain- 
fall on, 85 
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In which the equivalent for English Words and Idiomatic 
Sentences are rendered into literary and colloquial Arabic. 
Royal 4to, 8oj. 

BAGEHOT, TVdUer.— The Knglish Constitution. New and 
Revised Edition. Crown 8vo, 7j. 6d, 

X4ombarcL Street. A Description of the Money Market. Eighth 
Edition. Crown 8vo, ys. 6d. 

Essays on Parliamentary Reform. Crown 8vo, 5^. 

Some Articles on the Depreciation of Silver, and Topics 
connected with it. Demy 8vo, 51. 

BAGENAL, Philip ^.— The American-Irish and their In- 
fluence on Irish Politics. Crown 8vo, 5j. 

BAGOT, Alan, C.^.— Accidents in Mines: their Causes and 
Prevention. Cro^Ti 8vo, 6j. 

The Principles of Colliery Ventilation. Second Edition, 
greatly enlarged. Crown 8vo, 5J. 

The Principles of Civil Engineering in Estate Manage- 
ment. Crown 8vo, 7x. dd, 

BAKER, Sir Sherston, Bari.-^Tlie Laws relating to Quarantine. 
Crown 8vo, 12s, 6d, 

BALDWIN, Capt, J. ^.— The Large and Small Game of 
Bengal and the North- Western Provinces of India. 

With 20 Illustrations. New and Cheaper Edition. Small 4to, 
105, dd, 

BALLIN, Ada S, and F, Z.— A Hebrew Grammar, With 
Exercises selected from the Bible. Crown 8vo, *js, 6d, 

BARCLA Y, -ff^ar.— Mountain Life in Algeria. With numerous 
Illustrations by Photogravure. Crown 4to, i6s. 

BARLOW, James ^.— The Ultimatum of Pessimism. An 
Ethical Study. Demy 8vo, dr. 

BARNES, William.^Ontlines of Redecraft (Logic). With 
English Wording. Crown 8vo, 3^. 
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BAUR, Ferdinand, Dr, PA,-- A Philological Introduction to 
Greek and Latin for Students. Translated and adapted 
from the German, by C. Kegan Paul, M.A., and E. D. 
Stone, M.A. Third Edition. Crown 8vo, 6s. 

BELLARS, Rev. ^r.— The Testimony of Conscience to the 
Truth and Divine Origin of the Christian Revela- 
tion. Bumey Prize Essay. Small crown 8vo, 3j. 6d, 

BELLASJS, Edward,— The Money Jar of Plautus at the 
Oratory School. An Account of the Recent Representation. 
With Appendix and i6 Illustrations. Small 4to, sewed, 2J. 

BELLINGHAM, Henry, J/. /'.—Social Aspects of Catholicism 
and Protestantism in their Civil Bearing upon 
Nations, Translated and adapted from the French of M. le 
Baron de Haulleville. With a Preface by His Eminence 
Cardinal Manning. Second and Cheaper Edition. Crown 
8vo, 3J. 6</. 

BELLINGHAM, H, Belsches Gra/iam.-^XJps and Downs of 
Spanish Travel. Second Edition. Crown 8vo, 5j. 

BENN, Alfred ^T.—The Greek Philosophers. 2 vols. Demy 
8vo, 28j. 

BENT, J. Theodore,— denodiX How the Republic Rose and Fell. 
With 18 Illustrations. Demy 8vo, i8j. 

Bible Folk-Lore. A Study in Comparative Mythology. Crown 8vo, 
lor. 6^. 

BIRD, Charles, ^. 6?. i*.— Higher Education in Germany and 
England. Being a brief Practical Account of the Organization 
and Curriculum of the German Higher Schools. With critical 
Remarks and Suggestions with reference to those of England. 
Small crown 8vo, 2s, &d, 

BLACKLEY, Rev. W. ^.—Essays on Pauperism. i6mo. Cloth, 
IS, 6d. ; sewed, is, 

BLECKL Y, Ifenry,'SocTSiXQs and the Athenians : An Apolc^. 
Crown 8vo, 2J. 6d, 

BLOOMFIELD, The Lady. — Reminiscences of Court and Dip- 
lomatic Life. New and Cheaper Edition. With Frontispiece. 
Crown 8vo, 6j. 

BLUNT, The Ven. Archdeacon.—'Tlie Divine Patriot, and other 
Sermons. Preached in Scarborough and in Cannes. New 
and Cheaper Edition. Crown 8vo, 4s. 6d, 

BLUNT, Wilfred ^y.—The Future of Islam. Crown 8vo, dr. 

BODDY, Alexander Am— To Kairvsran the Holy. Scenes in 
Muhammedan Africa. With Route Map« and eight Illustrations 
by A, F. Jacassey. Crown 8vo, 6j. 

BOOLE, iJfa;^.— Symbolical Methods of Study. Crown 8vo, 5^. 
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BOUVERIE'PUSEY, S. E. ^.—Permanence and Evolution. 

An Inquiry into the Supposed Mutability of Animal Types. 
Grown Svo, ^s, 

BOWEN, H, a, ulT;^.— Studies in Knglish. For the use of Modern 
Schools. Seventh Thousand. Small crown Svo, u. 6^. 

English Grammar for Beginners. Fcap. Svo, \s. 

Simple English Poems. English Literature for Junior Classes. 
In four parts. Parts I., II., and III., dd, each. Part IV., is. 
Complete, 3^-. 

BRADLEY, F, JI.—The Principles of Logic. Demy Svo, i6j. 

BRIDGETT, Rev, T. ^.—History of the Holy Eucharist in 
Great Britain. 2 vols. Demy Svo, iSj*. 

BRODRICK, the Hon. G. C— Political Studies. Demy Svo, 14J. 

BROOKE, Rev. S. ^.— Life and Letters of the Late Rev. F. "W. 
Robertson, M.A. Edited by. 

I. Uniform with Robertson's Sermons. 2 vols. With Steel 
Portrait. *js. 6d. 
II. Library Edition. With Portrait. Svo, I2s, 
III. A Popular Edition. In i vol., Svo, 6s, 

The Fight of Faith. Sermons preached on various occasions. 
Fifth Edition. Crown Svo, 7^. 6d, 

The Spirit of the Christian Life. Third Edition. Crown 
Svo, 5J-. 

Theology in the English Poets.— Cowper, Coleridge, Words- 
worth, and Burns. Fifth Edition. Post Svo, $s. 

Christ in Modern Life. Sixteenth Edition. Crown Svo, 5^. 

Sermons. First Series. Thirteenth Edition. Crown Svo, 5j. 

Sermons. Second Series. Sixth Edition. Crown Svo, 5^. 

BROWN, Rev, J, Baldwin, ^.^.— The Higher Life. Its Reality, 
Experience, and Destiny. Sixth Edition. Crown Svo, 5j. 

Doctrine of Annihilation in the Light of the Gospel of 
Love. Five Discourses. Fourth Edition. Crown Svo, 2s, 6d, 

The Christian Policy of Life. A Book for Young Men of 
Business. Third Edition. Crown Svo, 3J. dd, 

BROWN, S, Borton, ^.^.—The Fire Baptism of all Flesh; 

or, The Coming Spiritual Crisis of the Dispensation, Crown 

Svo, 6j. 
BROWN, Horatio E,^X.ife on the Lagoons. With two Illustrations 

and Map. Crown Svo, 6s. 
BROWNBILL, >-^«.— Principles of English Canon Law. 

Part I. General Introduction. Crown Svo, 6s, 
BROWNE, W, ^.— The Inspiration of the New Testament. 

With a Preface by the Rev. J. P. NoRRis, D.D. Fcap. Svo, 2J. 6d, 
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BURDETT^ Henry C— Help in Sickness— "Where to Go and 
AKThat to Do. Crown 8vo, u. 6d. 

Helps to Health. The Habitation— The Nursery— The School- 
room and — The Fen«on. With a Chapter on Pleasure and Health 
Resorts. Crown 8vo, is, 6d, 

BURTON^ Mrs, Richard.^i:YiQ Inner Life of Syria, Palestine, 
and the Holy Land. Post 8vo, 6j. 

BUSBECQ, OgUr Ckiselin </if.— His Life and Letters. By Charles 
Thornton Forster, M.A., and F. H. Blackburne Daniell, 
M.A. a vols. With Frontispieces. Demy 8vo, 24f. 

CARPENTER, W. B„ LL,D„ M.D., F.R.S., ^/r.— The Principles 
of Mental Physiology. With their Applications to the 
Training and Discipline of the Mind, and the Study of its Morbid 
Conditions. Illustrated. Sixth Edition. 8vo, 12s, 

Catholic Dictionary. Containing some ""Account of the Doctrine, 
Discipline, Rites, Ceremonies, Councils, and Religious Orders of 
the Catholic Church. By William E. Addis and Thomas 
Arnold, M. A. Second Edition. Demy 8vo, 21J. 

CER VANTES.—ZoMvneY to Parnassus. Spanish Text, i^ith'Trans- 
lation into English Tercets, Preface, and Illustrative Notes, by 
James Y. Gibson. Crown 8vo, 12s, 

CHEYNE, Rev, T. A^.— The Prophecies of Isaiah. Translated 
with Critical Notes and Dissertations. 2 vols. Third Edition. 
Demy 8vo, 25^. 

CHICHELE, Mary.'-J^oing and Undoing. A Story, i vol. 
Crown 8vo. 

CZ^/^^^T:— Elements of Geometry. Translated by Dr. 
Kaines. With 145 Figures. Crown 8vo, 4^. 6d, 

CLARKE, Rev, Henry James, A,K,C,-^*T\i^ Fundamental Science. 
Demy 8vo, \os. 6d* 

CLAYDEN, P. »C— Samuel Sharpe. Egyptologist and Translator 
of the Bible. Crown 8vo, 6j. 

CLIFFORD, Samuel— 'SNYkSiX Think Ye of the Christ? Crown 
8vo, 6f. 

CLODD, Edward, FR.A.S.—riie Childhood of the VTorld : a 
Simple Account of Man in Early Times. Seventh Edition. 
Crown 8vo, 31. 

A Special Edition for Schools, is. 

The Childhood of Religions. Including a Simple Account of 
the Birth and Growth of Myths and Legends. Eighth Thousand. 
Crown 8vo, ^s, 

A Special Edition for Schools, is, 6d, 

Jesus of Nazareth. With a brief sketch of Jewish History to the 
Time of His Birth. Small crown 8vo, 6s 
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COGHLAN, % Cole, Z>.Z?.-— The Modern Pharisee and other 
Sermons. Edited by the Very Rev. H. H. Dickinson, D.D., 
Dean of Chapel Royal, Dublin, Neyr and Cheaper Edition. 
Crown 8vo, 7^. 6a. 

COZE, George R, Fitz- Roy. —i:\iQ Peruvians at Honae. Crown 
8vo, 6j. 

COLERIDGE, ^^irdr.— Memoir and Letter^ of Sara Coleridge. 

Edited by her Daughter. With Index. Cheap Edition. With 
Portrait. *J5. 6d, 

Collects Kxemplifled. Being Illustrations from the Old and New 
Testaments of the Collects for the Sundays after Trinity. By the 
Author of " A Commentary on the Epistles and Gospels. " Edited 
by the Rev. Joseph Jackson. Crown 8vo, 5^-. 

CONNELL, A. -ff". —-Discontent and Danger in India. Small 
crown 8vo, y. 6d, 
The Economic Revolution of India. Crown 8vo, \s, 6d. 

CORY^ William.—A, Guide to Modern English History. Part I. 
— MDCCCXV.-MDCCCXXX. Demy 8vo, Qs. Part II.— 
MDCCCXXX.-MDCCCXXXV., isf. 

COTTERILL, ff, ^.— An Introduction to the Study of Poetry. 
Cro\^Ti 8vo, 7j. 6d, 

COUTTS, Francis BurdeU Mortey.---The Training of the Instinct 
of Love- With a Preface by the Rev. Edward Thring, M. A. 
Small crown 8vo, 2s, 6d, 

COX, Rev, Sir George W., M,A., ^«r/.— The Mythology of the 
Aryan Nations. New Edition. Demy 8vo, t6s. 
Tales of Ancient Greece. New Edition. Small crown 8vo, 6s, 
A Manual of Mythology in the form of Question and 

Ans'wer. New Edition. Fcap. 8vo, 3^. 
An Introduction to the Science of Comparative Myth- 
ology and Folk-Lore. Second Edition. Crown 8vo. 7j. 6d, 

COX, Rev, Sir G, W., M.A,, Bart., and JONES, Eustace Hinton.-— 
Popular Ronxances of the Middle Ages. Third 
Edition, in I vol. Crown 8vo, 6j. 

COX, Rev. Samuel, D.D.-^A Commentary on the Book of Job. 
With a Translation, Demy 8vo, 15J. 

Salvator Mundi ; or, ;is Christ the Saviour of all Men ? Ninth 

Edition, Crown 8vo, 5^. 
The Larger Hope. A Sequel to "Salvator Mundi." Second 

Edition. i6mo, is. 
The Genesis of Evil, and other Sermons, mainly expository. 

Third Edition. Crown 8vo, 6^, 
Balaam. An Exposition and a Study. Crown 8vo, $s. 
Miracles. An Argument and a Challenge. Crown 8vo, 2s. 6d. 
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CRA VEN, Mrs.—K Year's Meditations. Crown 8vo, 6j. 

CRAWFURD, OjTwzii/.— Portugal, Old and New. With lUustra- 
tions and Maps. New and Cheaper Edition. Crown Svo, dr. 

Grime of Christmas Day. A Tale of the Latin Quarter. By the 
Author of " My Ducats and my Daughter." u. 

CROZIERf John BeaUU. M.B,— The Religion of the Future. 
Crown 8vOj dr. 

DANIELL^ Clartnont.—*T\Le Gold Treasure of India. An Inquiry 
into its Amount, the Cause of its Accumulation, aad the Proper 
Means of using it as Money. Crown 8vo, 5x. 

Danish Parsonage. By an Angler. Crown 8vo, 6j. 

Darkness and Dawn : the Peaceful Birth of a New Age. Small 
crown 8vo, 2J. (>d» 

DAVIDSON, Rev. Samuel, D,D., ZZ.Z?.— Canon of the Bible: 
Its Formation, History, and Fluctuations. Third and Revised 
Edition. Small crown 8vo, $s. 

The Doctrine of Last Things contained in the New Testa- 
ment compared with the Notions of the Jews and the Statements 
of Church Creeds. Small crown 8vo, 3J. 6d, 

DA VIDSON^ 77iomas,--The Parthenon Frieze, and other Essays. 
Crown 8vo, 6s, 

DAWSON^ Geo,^ M,A, Prayers, with a Discourse on Prayer. 
Edited by his Wife. First Series. Eighth Edition. Crown 
8vo, 6s, 
♦i„* Also a New and Cheaper Edition. Crown 8vo, 3^. 6d, 

Prayers, with a Discourse on Prayer. Edited by George 
St. Clair. Second Series. Crown Svo, 6j. 

Sermons on Disputed Points and Special Occasions. 
Edited by his Wife. Fourth Edition. Crown Svo, 6s» 

Sermons on Daily I-ife and Duty. Edited by his Wife. 
Fourth Edition. Crown 8vc, 6^. 

The Authentic Gospel, and other Serrtons. Edited by 
George St. Clair. Third Edition. Crown Svo, 6s. 

Three Books of God ; Nature, History, and Scripture. 
Sermons edited by George St. Clair. Crown Svo, 6s. 

DE yONCOURT, Madame iJ/an>.— Wholesome Cookery. Third 
Edition. Crown 8vo, 3J. 6d, 

DE LONG, Lieut, Com, G. ^.— The Voyage of the Jeannette. 
The Ship and Ice Journals ot. Edited by his Wife, Emma 
De Long. With Portraits, Maps, and many Illustrations on 
wood and stone. 2 vols. Demy Svo, 36J. 

Democracy in the Old "World and the New^. By the Author 
of ** The Suez Canal, the Eastern Question, and Abyssinia," etc. 
Small crown Svo, 2j. 6</. 
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DEVEREUX, W. Cope, R,N,, /'.i?.^^.— Fair Italy, the Riviera, 
and Monte Carlo. Comprising a Tour through North and 
South Italy and Sicily, with a short account of Malta. Crown 
8vo, 6s, 

Doing and Undoing. A Story. By Mary Chichele. i vol. 
Crown 8vo. 

DOWDENy Edward, ZZ.Z?.— Shakspere : a Critical Study of his 
Mind and Art. Seventh Edition. Post 8vo, 12s. 

Studies in Literature, 1789-1877. Third Edition. Large 
post 8vo, 6s, 

DUFFJELD, A, 7.— Don Quixote : his Critics and Commen- 
tators. With a brief account of the minor works of Miguel de 
Cervantes Saavedra, and a statement of the aim and end of 
the greatest of them all. A handy book for general readers. 
Crown 8vo, 3j. 6d. 

DU MONCEL, Count.^TYiQ Telephone, the Microphone, and 
the Phonograph. With 74 Illustrations. Second Edition. 
Small crown 8vo, 5^. 

DURUY, Vtc for.— History of Home and the Roman People. 
Edited by Prof. Mahaffy. With nearly 3000 Illustrations. 4to. 
Vols. I. II. and III. in 6 parts, 30X. each vol. 

EDGEWORTH, F. K— Mathematical Psychics. An Essay on 
the Application of Mathematics to Social Science. Demy 8vo, 
^s. 6a, 

Kducational Code of the Prussian Nation, in its Present 
Form. In accordance with the Decisions of the Common Pro- 
vincial Law, and with those of Recent Legislation. Crown 8vo, 
2s, 6d. 

Education Library. Edited by Philip Magnus :— 

An Introduction to the History of Kducational 
Theories. By Oscar Browning, M.A. Second Edition. 

Old Greek Education. By the Rev. Prof. Mahaffy, M.A. 
Second Edition. 3^. 6^. 

School Managetnent. Including a general view of the work 
of Education, Oi^anization and Disciphne. By Joseph Landon. 
Third Edition. 6s, 

Eighteenth Century Essays. Selected and Edited by Austin 
. DOBSON. With a Miniature Frontispiece by R. Caldecott. 
Parchment Library Edition, 6s. ; vellum, yj. .6d, 

ELSDALE, -«f«ry.— Studies iii Tennyson's Idylls. Crown 8vo, 5J. 

ELYOT, Sir Thomas,— The Boke named the Gouernour. Edited 
from the First Edition of 153 1 by Henry Herbert Stephen 
Croft, M.A., Barrister-at-Law. 2 vols. Fcap. 4to, 50X. 
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Smenon's (Ralph Waldo) Life. By Oliver Wendell Holmes. 
English Copyright Edition. With Portrait Crown 8vo, 6j. 

Enoch the Prophet. The Book of. Archbishop Laurence's Trans- 
lation, with an Introduction by the Author of ** The Evolution of 
Christianity." Crown 8vo, 5^. 

Eranus. A Collection of Exercises in the Alcaic and Sapphic Metres. 
Edited by F. W. CoRNiSH, Assistant Master at Eton. Second 
Edition. Crown 8vo, 2/. 

EVANS, Mar^.^The Story of Our Father's Love, told to 
Children. Sixth and Cheaper Edition. With Four Illustrations. 
Fcap. 8vo, IS, 6d, 

"Fan Kwae" at Canton before Treaty Days 1825-1844. 

By an old Resident. With Frontispiece. Crown 8vo, 5^. 

FEISf ^flc^^.— Shakspere and Montaigne. An Endeavour to 
Explain the Tendency of Hamlet from Allusions in Contemporary 
Works. Crown 8vo, 5j. 

FLECKER, Rev, ^/^V^^r.— Scripture Onomatology. Beiiig Critical 
Notes on the Septuagint and other Versions. Second Edition. 
Crown 8vo, 3^. 6^. 

FLOREDICEy IV. ^.— A Month among the Mere Irish. Small 
crown 8vo, 5j. 

FOIVLE, Rev, T, W^".— The Divine Legation of Christ. Crown 
8vo, *]s, 

Frank Leward. Edited by Charles Bampton. Crown 8vo, 7^. 6</. 

FULLER, Rev. Morris.— The Lord's Day ", or, Christian Sunday. 
Its Unity, History, Philosophy, and Perpetual Obligation. 
Sermons. Demy 8vo, ioj*. 6d. 

GARDINER, Samuel R., and y. BASS MULLINGER, M.A.— 
Introduction to the Study of English History. Second 
Edition. Large crown 8vo, ^s, 

GARDNER, Dorsey.—Q^xsXve Bras, Ligny, and Waterloo. A 
Narrative of the Campaign in Belgium, 1815. With Maps and 
Plans. Demy 8vo, ids. 

Genesis in Advance of Present Science. A Critical Investigation 
of Chapters L-IX. By a Septuagenarian Beneficed Presbyter. 
Demy 8vo. loj. 6</. 

GENNA, iff. — Irresponsible Philanthropists. Being some 
Chapters on the Employment of Gentlewomen. Small crown 
8vo, 2J. (id, 

GEORGE, J/enty.—lProgtess and Poverty : An Inquiry into the 
Causes of Industrial Depressions, and of Increase of Want with 
Increase of Wealth. The Remedy. Fifth Library Edition. 
Post 8vo, 7j. 6d, Cabinet Edition. Crown 8vo, 2s. 6d. Also a 
Cheap Edition, Limp cloth, js. 6d, Paper covers, is. 
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GEORGE^ Henryh^ontinuid, 

Social Problems. Fourth Thousand. Crown 8vo, gj. Cheap 
Edition, Paper covers, Ij. 

GIBSON, James Y, —Journey to Parnassus. Composed by Miguel 
DE Cervantes Saavedra. Spanish Text, with Translation into 
English Tercets, Preface, and Illustrative Notes, by. Crown 
8vo, 12S, 

Glossary of Terms and Phrases. Edited by the Rev. H. Percy 
Smith and others. Medium 8vo, 125. 

GLOVER, R, iJ/.^.— Exempla Latina. A First Construing Book, 
with Short Notes, Lexicon, and an Introduction to the Analysis 
of Sentences. Second Edition. Fcap. 8vo, 2s. 

GOLDSMID, Sir Francis Henry, Bart., Q,C., M.P.^Memoir of. 
With Portrait. Second Edition, Revised. Crown 8vo, 6s, 

GOODENOUGH, Commodore J. G^.— Memoir of, with Extracts from 
his Letters and Journals. Edited by his Widow. With Steel 
Engraved Portrait. Third Edition. Crown 8vo, ^s, 

GOSSE, ^^/«««</.— Studies In the Literature of Northern 
Kurope. New Edition. Large crown 8vo, 6/. 

Seventeenth Century Studies. A Contribution to the History 
of English Poetry. Demy 8vo, ioj. 6</. 

GOULD, Rev. S. Baring, M.A. — Germany, Present and Past. 

New and Cheaper Edition. Large crown 8vo, 7s. 6d. 

GO WAN, Major Walter E.—A. Ivanoff's Russian Grammar. 
(i6th Edition.) Translated, enlarged, and arranged for use of 
Students of the Russian Language. Demy 8vo, 6s, 

GOWER, Lord Ronald. My Reminiscences. Cheap Edition. 
With Portrait. Large crown 8vo, 7^. 6d. 

GRAHAM, William, M.A.-^The Creed of Science, Religious, Moral, 
and Social. Second Edition, Revised. Crown 8vo, 6s. 

GREY, Rowland.'^ln Sunny Switzerland. A Tale of Six Weeks. 
Small crown 8vo, 5J. 

GRIFFITH, Thomas, A.M.— The Gospel of the Divine Life : a 

Study of the Fourth Evangelist. Demy 8vo, 14^. 

GRIMLEY, Rev, H, N., J/.i4.— Tremadoc Sermons, chiefly on 
the Spiritual Body, the Unseen World, and the 
Divine Humanity. Fourth Edition. Crown 8vo, 6s, 

G. S, B.—A Study of the Prologue and Bpilogue in English 
Literature from Shakespeare to Dryden. Crown 
8vo, 5j. 

GUSTAFSON, ^/<w.— The Foundation of Death. Third Edition, 
Crown 8vo, 5j. 
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HAECKEL^ Prof, Ernst.— The History of Creation. Translation 
revised by Professor E. Ray Lankester, M.A., F.R.S. With 
Coloured Plates and Genealogical Trees of the various groups 
of both Plants and Animals. 2 vols. Third Edition. Post 
8vo, 32J. 

The History of the Evolution of Man. With numerous 
Illustrations. 2 vols. Post 8vo, 32J. 

A Visit to Ceylon. Post 8vo, 7s, 6iL 

Freedom in Science and Teaching. With a Prefatory Note 
by T. H. Huxley, F.R.S. Crown 8vo, ss, 

Half-Crown Series :— 

A Lost Love. By Anna C. Ogle [Ashford Owen]. 

Sister Dora : a Biography. By Margaret Lonsdale. 

True Words for Brave Men : a Book for Soldiers and Sailors. 
By the late Charles Kingsley. 

Notes of Travel : being Extracts from the Journals of Count Von 

MOLTKE. 

Bnglish Sonnets. Collected and Arranged by J. Dennis. 

London Lyrics. By F. Locker. 

Home Songs for Quiet Hours. By the Rev. Canon R. H. 
Baynes. 

HARRIS, William.'^TliQ History of the Radical Party in 
Parliament. Demy 8vo, 15J. 

HARROPy ^<7^<rr/.— Bolingbroke. A Political Study and Criticism. 
DemySvo, 14^. 

HART, Rev, J, W. T.—The Autobiography of Judas Iscariot. 
A Character Study. Crown 8vo, -^^ 6d, 

ffAWEIS, Rev, H. R., j^.^.— Current Coin. Materialism— The 
Devil — Crime — Drunkenness — Pauperism — Emotion — Recreation 
—The Sabbath. Fifth Edition. Crown 8vo, 55, 

Arro^ws in the Air. Fifth Edition. Crown 8vo, 5J. 
Speech in Season. Fifth Edition. Crown 8vo, Sj. 
Thoughts for the Times. Thirteenth Edition. Crown 8vo, 5^. 
Unsectarian Family Prayers. New Edition. Fcap. 8vo, 
IS, 6d, 

HAWKINS, Edwards Comerford, — Spirit and Form. Sermons 
preached in the Parish'Church of Leatherhead. Crown 8vo, 6s, 

HAWTHORNE, NatkamW.—'VIOTJiLS. Complete in Twelve Volumes. 
Large post 8vo, ys, 6d, each volume. 

Vol. I. Twice-told Tales. 

II. Mosses from an Old Manse. 
^ III. The House of the Seven Gables, and The Snow 

Image. 



Digitized by 



Gpogle 



Kegan Paul, Trench & Go's Publications. 13 

HAWTHORNE, Nathaniel—continued. 

Vol. IV. The Wonderbook, Tanglewood Tales, and Grand 
FATHER*s Chair. 
V. The Scarlet Letter, and The Blithedale Romance. 
VI. The Marble Faun. [Transformation.] 

vnriT \ ^^^ ^^^ Home, and English Note-Books. 
IX. American Note-Books. 
X. French and Italian Note-Books. 
XI. Septimius Felton, The Dolliver Romance, Fanshawe, 
AND, in an Appendix, The Ancestral Footstep. 
Xll. Tales and Essays, and other Papers, with a Bio- 
graphical Sketch of Hawthorne. 

HA YESi A, A., yunr.—JSfe-w Colorado, and the Santa Fe Trail. 
With Map and 60 Illustrations. Square 8vo, 9^. 

HENNESSY, Sir John P^yJ^.— Ralegh in Ireland. With his Letters 
on Irish Affairs and some Contemporary Documents. Large crown 
8vo, printed on hand-made paper, parchment, ioj. ^d, 

HENRYy /%//?>.— Diaries and Letters of. Edited by Matthew 
Henry Lee, M.A. Large crown 8vo, 'js, 6fl?l 

HIDE, Albert, — The Age to Come. Small crown 8vo, 2J. 6d. 

fflME, Major H W, L,, i?.^.— -Wagnerism ; A Protest, Crown 
8vo, 2s, 6d, 

HINTON, y.— Life and Letters. With an Introduction by Sir W. 
W. Gull, Bart., and Portrait engraved on Steel by C. H. Jeens. 
Fifth Edition. Crown 8vo, 8j. dd. . 

Philosophy and Religion. Selections from the Manuscripts of 
the late James Hinton. Edited by Caroline H addon. Second 
Edition. Crown 8vo, 5j. 

The Law Breaker, and The Coming of the Law. 
Edited by Margaret Hinton. Crown 8vo, 6j. 

The Mystery of Pain. New Edition. Fcap. 8vo, u. 

Hodson of Hodson's Horse ; or. Twelve Years of a Soldier's Life 
in India. Being extracts from the Letters of the late Major 
W. S. R. Hodson. With a Vindication from the Attack of Mr. 
Bosworth Smith. Edited by his brother, G. H. Hodson, M.A. 
Fourth Edition. Large crown 8vo, 5^. 

HOLTHAM, E, C.-^Eight Tears in Japan, 1873-1881. Work, 
Travel, and Recreation. With three Maps. Large crown 8vo, 9^. 

Homology of Economic Justice. An Essay by an East India 
Merchant. Small crown 8vo, 5^. 

HOOPER, Mary,'^"LSX\X<^ Dinners : How to Serve them with 
Elegance and Economy. Eighteenth Edition. Crown 
8vo, 2J. 6^. 
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HOOPER^ Mary^continued, 

Cookery for Invalids, Persons of Delicate Digestion, 
and Children. Fourth Edilion. Crown 8vo, zs. 6d. 

Every-Day Meals. Being Economical and Wholesome Recipes 
for Breakfast, Luncheon, and Supper. Sixth Edition. Crown 
8vo, IS. 6d, 

HOPKINS, Emce,—VIoT\L amongst Working Men. Fifth 
Edition. Crown 8vo, 3/. 6d, 

HOSPITALIER, iff.— The Modem Applications of Electricity. 
Translated and Enlarged by Julius Maier, Ph.D. 2 vols. 
Second Edition, Revi^, with many additions and numerous 
Illustrations. Demy 8vo, I2J. 6^. each volume. 
Vol. I. — Electric Generators, Electric Light. 
Vol. II. — Telephone : Various Applications : Electrical 
Transmission of Energy. 

Household Readings on Prophecy. By a Layman. Small 
crown 8vo, 3^. 6^. 

HUGHES, Henry,—Tli& Redemption of the World. Crown 8vo, 

HUNTINGFORD, Rev, E,, Z?.C.Z.— The Apocalypse. With a 

Commentary and Introductory Essay. Demy 8vo, 5j, 

HUTCHINSON, -«— Thought Symbolism, and Grammatic 
Illusions. Being a Treatise on the Nature, Purpose and 
Material of Speech. Crown 8vo, $s. 

HUTTON, Rev. C. /l— Unconscious Testimony ; or, The Silent 
Witness of the Hebrew to the Truth of the Historical Scriptures. 
Crown 8vo, 2J. dd. 

HYNDMAN, H iWi— The Historical Basis of Socialism in 
England. Large crown 8vo, 8j. 6^, 

IM THURN, Everard i%— Among the Indians of Guiana. 
Being Sketches, chiefly anthropologic, from the Interior of British 
Guiana. With 53 Illustrations and a Map. Demy 8yo, \%s. 

JACCOUD, Prof. 5-.— The Curability and Treatment of Pul- 
monary Phthisis. Translated and edited by Montagu 
Lubbock, M.D. Demy 8vo, 15^. 

Jaunt in a Junk : A Ten Days' Cruise in Indian Seas. Large crown 
8vo, 7j. (id. 

JENKINS, E., and RAYMOND, 7.— The Architect's Legal 
Handbook. Third Edition, revised. Crown 8vo, 6j. 

JENNINGS, Mrs. Vaughan.^^-Rah.^1 1 Her Life and Letters. Large 
post 8vo, ys, 6d, 
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JMRVIS, Rev, W. ^<f«/<fy.— The Galilean Church and the 
Revolution. A Sequel to the History of the Church of 
France, from the Cpncordat of Bologna to the Revolution. 
Demy 8vo, i8j. 

yOEL, Z.— A Consul's Manual and Shipowner's and Ship- 
master's Practical Guide In their Transactions 
Abroad. With Definitions of Nautical, Mercantile, and Legal 
Terms; a Glossary of Mercantile Terms in English, French, 
German, Italian, and Spanish ; Tables of the Money, Weights, 
and Measures of the Principal Commercial Nations and their 
Equivalents in British Standards ; and Forms of Consular and 
Notarial Acts. Demy 8vo, 12j. 

JOHNSTONE, C, K, M, A, —Historical Abstracts : being Outlines 
of the History of some of the less known States of Europe. 
Crown 8vo, Js, 6d, 

yOZZV, William^ KR,S.E,y etc—TYie Life of John Duncan, 
Scotch 'Weaver and Botanist. With Sketches of his 
Friends and Notices of his Times. Second Edition. Large 
crown 8vo, with Etched Portrait, 9J. 

yONES, C, ^.— The Foreign Freaks of Five Friends. With 30 
Illustrations. Crown 8vo, 6j. 

JOYCE, P. W,, LL,D,, etc-'Oid. Celtic Romances. Translated 
from the Gaelic. Crown 8vo, 7j. 6d» 

KAUFMANN, Rev, M., -^.^.— Socialisnx : its Nature, its Dangers, 
and its Remedies considered. Crown 8vo, *J5, 6d. 

Utopias ; or. Schemes of Social Improvement, from Sir Thomas 
More to Karl Marx. Crown 8vo, 5^. 

ITA Yt David, F,R.G,S,^Kd\xcsLtion and Educators. Crown 8vo, 
7^ 6d, 

JiTAVf ^J^r/;i.— Free Trade in Land. Edited by his Widow. With 
Preface by the Right Hon. JOHN BRIGHT, M.P. . Seventh 
Edition. Crown 8vo, 5^. 

KEMPIS, Thomas a.— Of the Imitation of Christ. Parchment 
Library Edition. — Parchment or cloth, 6j. ; vellum, *js, 6d. The 
Red Line Edition, fcap. 8vo, red edges, 2s, 6d, The Cabinet 
Edition, small 8vo, cloth limp, is, ; cloth boards, red edges, is, 6d, 
The Miniature Edition, red edges, 3amo, is, 
\* All the above Editions may be had in various extra bindings. 

A'ENT, C*.— Corona Catholica ad Petri successor! • Pedes 
Oblatai De Summi Pontificis Leonis XIII. As- 
sumptione Kpigramxna. In Quinquaginta Linguis. Fcap. 
4to, iss. 



Digitized by 



Google 



i6 A List of 

KETTLEWELL, Rev. ^.—Thomas a Kempis and the Brothers 
of Common Life. 2 vols. With Frontispieces. Demy 8vo, 

*^* Also an Abridged Edition, in one volume. With Portrait. Crown 
8vo, *js. 6d, 

KWDf Joseph y i^.Z?.— The Laivs of Therapeutics ; or, the Science 
and Art of Medicine. Second Edition. Cro^sTi 8vo, dr. 

KINGSFORD, Anna, ^.Z>.— The Perfect Way in Diet. A 

Treatise advocatii^ a Return to the Natural and Ancient Food of 
our Race. Small crown 8vo, 2J. 

KINGSLEY, Charles, iT/.y4.— Letters and Memories of his Life. 
Edited by his Wife. With two Steel Engraved Portraits, and 
Vignettes on Wood, Fifteenth Cabinet Edition. 2 vols. Crown 

8V0, 125, 

*eoDle*s Editio:., 

8vo, 6j. 

All Saints' Day, and other Sermons. Edited by the Rev. W. 
Harrison, Third Edition. Crown 8vo, 7j. 6^. 

True Words for Brave Men. A Book for Soldiers' and 
Sailors' Libraries. Eleventh Edition. Crown 8vo, 2j. td, 

KNOX, Alexander ^4.— The New Playground ; or, Wanderings in 
Algeria, New and Cheaper Edition. Large crown 8vo, 6j. 

LANDON, 557J^A.— School Management ; Including a General View 
of the Work of Education, Organization, and Discipline. Third 
Edition. Crown 8vo, dr. 

LA URIE, S, .S.—The Training of Teachers, and other Educational 
Papers. Crown 8vo, 7j. 6^/. 

LEE, Rev, E. G., Z?.C.Z.— The Other World ; or, Glimpses of the 
Supernatural. 2 vois. A New Edition. Crown 8vo, 15J. 

Letters from an Unknown Friend. By the Author of " Charles 
Lowder." With a Preface by the Rev. W. H. Cleaver. Fcap. 
8vo, IS, 

Letters from a Toung Eijaigrant in Manitoba. Second Edition. 
Small crown 8vo, 3J, 6d. 

Levrard, Frank. Edited by Charles Bampton. -^Crown 8vo, *js. 6d, 

LEWIS, Edward Dillon.— K Draft Code of Criminal Law and 
Procedure. Demy 8vo, 21s, 

LILLIE, Arthur, M.R.A.S.^rhe Popular Life of Buddha. 
Containing an Answer to the Hibbert Lectiures of 1881. With 
Illustrations, Crown 8vo, 6^. 

LLOYD, IValler.—The Hope of the World : An Essay on Universal 
Redemption. Crown 8vo, 5j. 

LONSDALE, MargareL—SisXeT Dora : a Biography. With Portrait. 
Cheap Edition. Crown 8vo, 2j. 6d, 
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LOUNSBURY, Thomas ^.— James Fenimore Cooper. With 
Portrait. Crown 8vo, Sj. 

LOWDERy Charles,— K Biography. By the Author of " St. Teresa." 
New and Cheaper Edition, Crown 8vo. With Portrait. 3J. 6d, 

LUCKESy Eva C, ^.—Lectures on General Nursing, delivered to 
the Probationers of the London Hospital Training School for 
Nurses. Crown 8vo, 2J. 6d, 

LYALLy William Rowe^ Z>.2>.— Propaedeia Prophetica ; or, The 
Use and Design of the Old Testament Examined. New Edition. 
"With Notices by George C. Pearson, M.A., Hon. Canon of 
Canterbury. Demy Svo. 

LYTTONy Edward Bulwer, Lord,—lAte, Letters and Literary 
Remains. By his Son, the Earl of Lytton. With Portraits, 
Illustrations and Facsimiles. Demy Svo. Vols. I. and H., 32J. 

MAC AULA Yt G, C— Francis Beaumont : A Critical Study. Crown 
Svo, $s, 

MAC CALLUMy M, ^.—Studies in I-ow German and High 
German Literature. Crown Svo, 6j. 

MACHIAVELLIy Niccolb. — lAte and Times. By Prof. Villari. 
Translated by Linda Villari. 4 vols. Large post, Svo, 4SJ. 

MACIIIAVELLI, Niccolb.—'DiscoMrses on the First Decade of 
Titus Livius, Translated from the Italian by NiNiAN Hill 
Thomson, M.A. Large crown Svo, 12s, 

The Prince. Translated from the Italian by N. H. f . Small 
crown Svo, printed on hand-made paper, bevelled boards, 6s, 

MACKENZIE^ Alexander,— HoMir India is Governed. Being an 
Account of England's Work in India. Small crown Svo, 2s, 

MACNAUGHTy Rev, >>5;;.— Coena Domini : An Essay on the Lord's 
Supper, its Primitive Institution, Apostolic Uses, and Subsequent 
History. Demy Svo, 14J, 

MACWALTER, Rev, G, .S".— Life of Antonio Rosmini Serbati 
(Founder of the Institute of Charity). 2 vols. Demy Svo. 

[VoL I. now ready, price I2j. 

MAGNUS y Mrs,—K\iQi)xX the Jews since Bible Times. From the 
Babylonian Exile till the English Exodus. Small crown Svo, ds, 

MAIRy R, S,, M,D,, E,R,C,S,E,'-The Medical Guide for Anglo- 
Indians. Being a Compendium of Advice to Europeans in 
India, relating to the Preservation and Regulation of Health. 
With a Supplement on the Management of Children in India. 
Second Edition. Crown Svo, limp cloth, ^s, 6d, 

MALDENy Henry Elliol,—'ViennSL, 1683. The History and Conse- 
quences of the Defeat of the Turks before Vienna, September 
I2th, 16S3, by John Sobieski, King of Poland, and Charles 
Leopold, Duke of Lorraine. Crown Svo, 4s, bd, 
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Many Voices. A volume of Extracts from the Religious Writers of 
Christendom from the First to the Sixteenth Century. With 
Biographical Sketches. Crown 8vo, cloth extra, red edges, 6r. 

MARKHAM, Capt. Albert Hastings, ^.^.— The Great Frozen Sea : 
A Personal Narrative of the Voyage of the Alert during the Arctic 
Expedition of 1875-6. With 6 Full-page Illustrations, 2 Maps, 
and 27 Woodcuts. Sixth and Cheaper Edition. Crown 8vo, 6j. 

A Polar Reconnaissance : being the Voyage of the IsbjUrn 
to Novaya Zcmlya in 1879. With 10 Illustrations. Demy 8vo, idr. 

Marriage and Maternity ; or. Scripture Wives and Mothers. Small 
crown 8vo, 4J. (id, 

MARTINEAU, Gertrude.-— OxiXiXn^ Lessons on Morals. Small 
crown 8vo, 3J. td, 

MAUDSLEY, H,, M.D.^Body and WiU- Being an Essay con- 
cerning Will, in its Metaphysical, Physiological, and Pathological 
Aspects. 8vo, 12s. 

McGRATH, Tercfice. — ^Pictures from Ireland. New and Cheaper 
Edition. Crown 8vo, 2j. 

MEREDITH, 3f.y4.— Theotokos, th^ Example for "Woman. 
Dedicated, by permission, to Lady Agnes Wood. Revised by 
the Venerable Archdeacon Denison. 32mo, limp cloth, \s, (td, 

MILLER, Edward,— The History and Doctrines of Irvingism ; 
or, The so-called Catholic and Apostolic Church. 2 vols. Large 
post 8vo, 25J. 

The Church In Relation to the State. Large crown Svo, 
7j. 6d, 

MINCHIN, 7. d?.— Bulgaria since the War : Notes of a Tour in 
the Autimm of 1879. Small crown 8vo, 3J. 6^. 

MITCHELL, Lucy M,—A History of Ancient Sculpture. With 
numerous Illustrations, including 6 Plates in Phototype. Super 
royal 8vo, 42J. 

Selections from Ancient Sculpture. Being a Portfolio con- 
taining Reproductions in Phototype of 36 Masterpieces of Ancient 
Art to illustrate Mrs. MitcheH's ** History of Ancient Sculpture." 
iSs. 

MITFORD, Bertram.'-Tlirough. the Zulu Country. Its Battle 
fields and its People. With Five Illustrations. Demy 8vo, 14J. 

MOCKLER, i?.— A Grammar of the Baloochee Language, as 
it is spoken in Makran (Ancient Gedrosia), in the Persia- Arabic 
and Roman characters. Fcap. 8vo, 5^. 

MOLESWORTH, Rev, W, Nassau, i^.^.— History of the Church 
of Kngland from 1660. Large crown 8vo, js. 6d 
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MORELLy y. ^.—Euclid Simplified In Method and Language. 

Being a Manual of Geometry. Compiled from the most important 
French Works, approved by the University of Paris and the 
Minister of Public Instruction. Fcap. 8vo, 2s, 6d. 

MORRIS, Gearge.^TliQ Duality of all Divine Truth in our 
Lord Jesus Christ. For God*s Self-manifestation in the Impar- 
tation of the Divine Nature to Man. Large crown 8vo, Js, 6d, 

MORSE y E, 5., /%./?.— First Book of Zoology. Witji numerous 
illustrations. New and Cheaper Edition. Crown 8vo, 2j. dd, 

MULLy MatMas.—l?a.radise Lost. By John Milton. Books I— VI. 
The Mutilations of the Text emended, the Punctuation revised, 
and all collectively presented, with Notes and Preface ; also 
a short Essay on the Intellectual Value of Milton's Works, etc. 
Demy 8vo, 6s. 

MURPHY y John Nicholas. -^TYi.^ Chair of Peter ; or, The Papacy 
considered in its Institution, Development, and Orjganization, and 
in the Benefits which for over Eighteen Centuries it has conferred 
on Mankind, Demy 8vo, i8j. 

Nature's Nursling. A Romance from Real Life. By Lady Ger- 
trude Stock. 3 vols. Crown 8vo, 31J. 6^. 

NELSONy y. H.y M,A.—K Prospectus of the Scientific Study 
of the Hindu Law. Demy 8vo, 9^. 

NEWMANy CVird/i»tf/.— Characteristics from the Writings of. 

Being Selections from his various Works. Arranged with the 

Author's personal Approval. Sixth Edition. With Portrait. 

Crown 8vo, 6j. 
♦»• A Portrait of Cardinal Newman, mounted for framing, can 
be had, 2s. 6d. 
NEWMANy Francis fr«7/wf».— Kssays on Diet. Small crown 8vo, 

cloth limp, 2s. 
New Truth and the Old Faith : Are they Incompatible ? By a 

Scientific Layman. Demy 8vo, 105. 6d* 
"New 'Werther. By Loki. Small crown 8vo, 2s. 6d. 
NICHOLSONy Ed-ward Bjfron.-—Tkie Gospel according to the 

Hebreivs. Its Fragments Translated and Annotated, with a 

Critical Analysis of the External and Internal Evidence relating 

to it. Demy 8vo, gs. 6d, 
A Neiv Commentary on the Gospel according to 

Matthew. Demy 8vo, 12s, 

NICOLSy Arthury F.G.S.y /^l^.C?. 5'.— Chapters from the Physical 
History of the Earth : an Introduction to Geology and 
Palaeontology. With numerous Illustrations. Crown 8vo, 5^. 

NOPSy Marianne.— <^lSLas Lessons on Euclid. Part I. containing 
the First Two Books of the Elements. Crown 8vo, 2s. 6d. 

Nuces 5 Exercises on the Syntax of the Public School Latin 
Primer. New Edition in Three Parts, Crown 8vo, each is» 
*^* The Three Parts can also be had bound together, 3^. 
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Parchment Library — continued. 

Of the Imitation of Christ. By Thomas k Kempis. A 
revised Translation. With Frontispiece on India paper, from a 
Design by W. B. Richmond. 

Poems: Selected from Percy Bysshe Shelley. Dedicated to 
Lady Shelley. With a Preface by Richard Garnett and a 
Miniature Frontispiece. 

♦,>♦ The above volumes may also be had in a variety of leather bindings. 

PARSLOEy Joseph,— Out Railways. Sketches, Historical and 
Descriptive. With Practical Information as to Fares and Rates, 
etc., and a Chapter on Railway Reform. Cro^vn 8vo, dr. 

PASCAL^ B/atse.--The Thoughts of. Translated from the Text of 
Auguste Molinier, by C. Keg AN Paul. Large crown 8vo, with 
Frontispiece, printed on hand -made paper, parchment antique, or 
cloth, 1 2 J. ; vellum, 15^. 

PAUL^ Alexander.^SYiorX Parliaments. A History of the National 
Demand for frequent General Elections. Small crown 8vo, 3J. 6^. 

PA im C, A>^tf«.— Biographical Sketches, Printed on hand-made 
paper, bound in buckram. Second Edition. Crown Svo, 7j. 6d, 

PEARSON, Rev, ^.—^Week-day Living. A Book for Young Men 
and Women. Second Edition. Crown Svo, 5^. 

PESCHELy Dr, Oscar.— The Races of Man and their Geo- 
graphical Distribution. Second Edition. Large ^rown 
Svo, 9J. 

PETERS, F, /r.—The INlcomachean Ethics of Aristotle. Trans- 
lated by. Crown 8vo, 6s, 

PfflPSON, i?.— The Animal Lore of Shakspeare's Time. 
Including Quadrupeds, Birds, Reptiles, Fish and Insects. Large 
post Svo, 9J. 

PIDGEONy Z>.— An Engineer's Holiday ; or, Notes of a Round 
Trip from Long, o^ to o®. New and Cheaper Edition. Large 
crown Svo, 7j. Zd, 

Old World Questions and Ne^w 'World Answers. Large 
crown Svo, 7j. 6d, 

POEf Edgar Allan.—'Wovls.s of. With an Introduction and a Memoir 
by Richard Henry Stoddard. In 6 vols. With Frontispieces 
and Vignettes, Large crown Svo, 6s. each. 

POPEf y, Buckingham. — ^SiilsfidLY Rates and Radical Rule. 
Trade Questions as Election Tests. Crown Svo, 2s. 6d, 

PRICE, Prof, Bonamy. — Chapters on Practical Political 
Economy, Being the Substance of Lectures delivered before 
the University of Oxford. New and Cheaper Edition. Large 
post Svo, 5*. 
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Pulpit Commentary, The. (Old Testament Series.) Edited by the 
Rev. J. S. EXELL, M.A., and the Rev. Canon H. D. M. Spence. 

Oenesis. By the Rev. T. Whitelaw, M. A. With Homilies by 
the Very Rev. J. F. Montgomery, D.D., Rev. Prof. R. A. 
Redford, M.A., LL.B., Rev. F. Hastings, Rev. W. 
Roberts, M.A. An Introduction to the Study of the Old 
Testament by the Venerable Archdeacon Farrar, D.D., F.R.S. ; 
and Introductions to the Pentateuch by the Right Rev. H. Cot- 
terill, D.D., and Rev. T. Whitelaw, M.A. Eighth Edition. 
1 vol., 1 5 J. 

Exodus. By the Rev. Canon Rawlinson. With Homilies by 
Rev. J. Orr, Rev. D. Young, B.A., Rev. C. A. Goodhart, 
Rev. J. Urquhart, and the Rev. H. T. Robjohns. Fourth 
Edition. 2 vols., i&r. 

Leviticus. By the Rev. Prebendary Meyrick, M.A. With 
Introductions by the Rev. R. Collins, Rev. Professor A. Cave, 
and Homilies by Rev. Prof. Redford, LL.B., Rev. J. A. 
Macdonald, Rev. W. Cijvrkson, B.A., Rev. S. R. Aldridge, 
LL.B., and Rev. McCheyne Edgar. Fourth Edition. 15J. 

Numbers. By the Rev. R. Winterbotham, LL.B. With 
Homilies by tiie Rev. Professor W. Binnie, D.D., Rev. E. S. 
Prout, M.A., Rev. D. Young, Rev. J. Waite, and an Intro- 
duction by the Rev. Thomas Whitelaw, M.A. Fourth 
Edition. 15J, • 

Deuteronomy. By the Rev. W. L. Alexander, D.D. With 
Homilies by Rev. C. Clemance, D.D., Rev. J. Orr, B.D., 
Rev. R. M. Edgar, M.A., Rev, D. Davies, M.A, Third 
edition. 15J. 

Joshua. By Rev. J. J. LiAs, M.A. With Homilies by Rev. 
S. R. Aldridge, LL.B., Rev. R. Glover, Rev. E. de 
PRESSENSfi, D.D., Rev. J. Waite, B.A., Rev. W. F. Adeney, 
M.A. ; and an Introduction by the Rev. A. Plummer, M.A. 
Fifth Edition. I2J. dd. 

Judges and Ruth. By the Bishop of Bath and Wells, and 
Rev. J. MoRisoN, D.D. With Homilies by Rev. A. F. MuiR, 
M.A., Rev. W. F. Adeney, M.A., Rev. W. M. Statham, and 
Rev. Professor J. Thomson, M.A. Fourth Edition. loj. td, 

1 SamueL By the Very Rev. R. P. Smith, D.D. With Homilies 
by Rev. Donald Eraser, D.D., Rev. Prof. Chapman, and 
Rev. B. Dale. Sixth Edition. 15^. 

1 Kings. By the Rev. Joseph Hammond, LL.B. With Homilies 
by the Rev. E. de Pressens^, D.D., Rev. J. Waite, B.A., 
Rev. A. Rowland, LL.B., Rev. J. A. Macdonald, and Rev. 
J. Urquhart, Fourth Edition. 15J. 

1 Chronicles. By the Rev. Prof. P. C. Barker, M.A., LL.B. 
With Homilies by Rev. Prof. J. R. Thomson, M.A., Rev. R. 
Tuck, B.A., Rev. W. Clarkson, B.A., Rev. F. Whitfield, 
M.A., and Rev, Richard Glover. \\5 
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Pulpit Commentary, The-^oniinuul, 

Ezra, Nehemiah, and Esther. By Rev. Canon G. Rawlinson, 
M.A. With Homilies by Rev. Prof. J. R. Thomson, M.A., Rev. 
Prof. R. A. Redford, 1,L.B., M.A., Rev. W. S. Lewis, M.A., 
Rev. J. A. Macdonald, Rev. A. Mackennal, B.A., Rev. W. 
Clarkson, B.A., Rev. F. Hastings, Rev. W. Dinwiddie, 
LL.B., Rev. Prof. Rowlands, B.A., Rev. G. Wood, B.A., 
Rev. Prof. P. C. Barker, M.A., LL.B., and the Rev. J. S. 
ExELL, M.A. Sixth Edition, i vol., I2j. 6d. 

Jeremiah. (Vol. I.) By the Rev. T. K. Cheyne, M.A. With 
Homilies by the Rev. W. F. Adeney, M.A., Rev. A. F. MuiR, 
M.A., Rev. S. Conway, B.A., Rev. J. Waite, B.A., and Rev. 
D. Young, B.A. Second Edition. 15^. 

Jeremiah (Vol. II.) and Lamentations. By Rev. T. K. 
Cheyne, M.A. With Homilies by Rev. Prof. J. R. Thomson, 
M.A., Rev. W. F. Adeney, M.A., Rev. A. F. Muir, M.A., 
Rev. S. Conway, B.A., Rev. D. Young, B.A. 15J. 

Pulpit Commentary, The. (New Testament Series.) 

St. Mark. By Very Rev. E. Bickersteth, D.D., Dean of Lich- 
field. With Homilies by Rev. Prof. Thomson, M.A., Rev. Prof. 
Given, M.A., Rev. Prof. Johnson, M.A., Rev. A. Rowland, 
B.A., LL.B., Rev. A. MuiR, and Rev. R. Green. Fourth 
Edition. 2 vols., 21s. 

The Acts of the Apostles. By the Bishop of Bath and Wells. 
With Homilies by Rev. Prof. P. C. Barker, M.A., LL.B., Rev. 
Prof. E. Johnson, M.A., Rev. Prof. R. A. Redford, M.A., 
Rev. R. Tuck, B. A., Rev. W. Clarkson, B.A. Second Edition. 
2 vols., 21S. 

1 Corinthians. By theVen. Archdeacon Farrar, D.D. With 
Homilies by Rev. Ex-Chancellor Lipscomb, LL.D., Rev. 
David Thomas, D.D., Rev. D. Eraser, D.D., Rev. Prof. 
J. R. Thomson, M.A., Rev. J. Waite, B.A., Rev. R. Tuck, 
B.A., Rev. E. Hurndall, M.A., and Rev. H. Bremner, B.D. 
Second Edition. Price iSs. 

PUSEY^ />r.— Sermons for the Church's Seasons from 
Advent to Trinity. Selected from the Published Sermons 
of the late Edward Bouverie Pusey, D.D. Crown 8vo, 5j. 

RADCLIFFE, Frattk R. K— The New Politicus. Small crown 8vo, 
2J. 6d, 

RANKEy Leopold w«.— Universal History. The oldest Historical 
Group of Nations and the Greeks. Edited by G. W. Prothero. 
Demy 8vo, i6s. 

Realities of the Future Life. Small cro^^oi 8vo, is, 6d» 

REND ELL, J. il/.— Concise Handbook of the Island of 
Madeira, With Plan of Funchal and Map of the Island. Fcap. 
8vo, ij. dd. 
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REYNOLDS, Rev, J, ^.—The Supernatural in Nature. A 
Verification by Free Use of Science. Third Edition, Revised 
and Enlarged. Demy 8vo, I4r. 
The Mystery of Miracles. Third and Enlarged Edition. 
Crown 8vo, 6j. 

The Mystery of the Universe ; Our Common Faith. Demy 
8vo, 14J. 

RIBOTy Prof, 7%.— Heredity : A Psychological Study on its Phenomena, 
its Laws, its Causes, and its Consequences. Second Edition, 
Large crown 8vo, gj. 

RIMMERy William, M.D.—AtX Anatomy. A Portfolio of 81 Plates. 
Folio, 70J., nett. 

ROBERTSON, The late Rev. F. W,, Af,A,^l.ife and Letters of. 
Edited by the Rev. Stopford Brooke, M.A. 
I. Two vols., uniform with the Sermons. With Steel Portrait. 
Crown 8vo, Js, 6d, 
II. Library Edition, in Demy 8vo, with Portrait. I2s, 
III. A Popular Edition, in I vol. Crown 8vo, 6s. 
Sermons. Four Series. Small crown 8vo, 3J. 6d. each. 
The Human Race, and other Sermons. Preached at Chelten- 
ham, Oxford, and Brighton. New and Cheaper Edition. Small 
crown 8vo, 3^. 6d. 
Notes on Genesis. New and Cheaper Edition. Small crown 8vo, 

3J. 6^. 
Expository Lectures on St. Paul's Epistles to the 
Corinthians. A New Edition. Small crown 8vo, 5^. 

Lectures and Addresses, with other Literary Remains. A New 
Edition. Small crown 8vo, 5^, 

An Analysis of Tennyson's " In Memoriam." (Dedicated 

by Permission to the Poet-Laureate.) Fcap. 8vo, 2s. 
The Education of the Human Race. Translated from the 
German of Gotthold Ephraim Lessing. Fcap. 8vo, 2j. 6d, 
The above Works can also be had, bound in half morocco. 
♦** A Portrait of the late Rev. F. W. Robertson, mounted for framing, 
can be had, 2s. 6d. 

ROMANES, G. 7. — Mental Evolution in Animals. With a 
Posthumous Essay on Instinct by Charles Darwin, F.R.S. 
Demy 8vo, I2j. 

ROSMINI SERBATI, A., Founder of the Institute of Charity. Life. 
By G. Stuart Mac Walter. 2 vols. 8vo. 

[Vol. I. now ready, I2j. 

Rosmini's Origin of Ideas. Translated from the Fifth Italian 
Edition of the Nuovo Saggio SulV originc delle idee, 3 vols. 
Demy 8vo, cloth, idr. each. 

Rosmini's Psychology. 3 vols. Demy 8vo. [Vol. I. now ready, i6j. 
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Rosxninl's Philosophical System. Translated, with a Sketch ol 
the Author's Life, Biblic^raphy, Introduction, and Notes by 
Thomas Davidson. Demy 8vo, i6j. 

RULE, Martin, M,A,^Tiie lAfe and Times of St. Anselm, 

Archbishop of Canterbury and Primate of the 

Britains. 2 vols. Demy 8vo, 32^. 
SAMUEL, Sydney il/.— Jewish Life in the East. Small crown 

8vo, 3J. (>d, 
SARTORIUSy Emestine.—TtiTeQ Months in the Soudan. With 

II Full-page Illustrations. Demy 8vo, 14J. 
SA YCE, Rev. Archibald Henry, — Introduction to the Science of 

Language. 2 vols. Second Edition. Large post 8vo, 21^. 

Scientific Layman. The New Truth and the Old Faith : are they 
Incompatible ? Demy 8vo, lor. (3d, 

SCOONES, W, Baptiste.^VoMT Centuries of English Letters : 
A Selection of 350 Letters by 150 Writers, from the Period of the 
Paston Letters to the Present Time. Third Edition. Large 
crown 8yo, 6s. 

S^E, PROF. G£RMAIJ\r.-'Bacmary Phthisis of the Lungs. 
Translated and edited for English Practitioners by William 
Henry Weddkll, M.R.C.S. Demy 8vo. 

SHJLLITO, Rev. y^j^/?.— "Womanhood : its Duties, Temptations, 
and Privileges. A Book for Young Women. Third Edition. 
Crown 8vo, 3^. dd. 

SHIPLEY, Rev. Orby, Af.^.— Principles of the Faith in Rela- 
tion to Sin. Topics for Thought in Times of Retreat. 
Eleven Addresses delivered during a Retreat of Three Days to 
Persons living in the World. Demy 8vo, I2J. 

SIDNEY, Algernon. — A RevieMT- By Gertrude M. Ireland Black- 
BURNE. Crown 8vo, 6j. 

Sister Augustine, Superior of the Sisters of Charity at the St. 
Johannis Hospital at Bonn. Authorised Translation by Hans 
Tharau, from the German "Memorials of Amalie von 
Lasaulx." Cheap Edition. Large crown 8vo, 4^. 6^. 

SKINNER, James. -^h. Memoir. By the Author of * * Charies Lowder. " 
With a Preface by the Rev. Canon Carter, and Portrait. 
Large crown, *js. 6d. 
♦^* Also a cheap Edition. With Portrait. Crown 8vo, p. 6d. 

SMITH, Edward, M.D., LL.B., /^.^.i".— Tubercular Consump- 
tion in its Early and Remediable Stages- Second 
Edition. Crown 8vo, 6j. 

SPEDDING, James. — Reviews and Discussions, Literary* 
Political, and Historical not relating to Bacon. Demy 
8vo, I2J. 6^. 
Evenings ^writh a Reviewer; or, Bacon and Macaulay. 
With a Prefetory Notice by G. S. Venables, Q.C. 2 vols. 
Demy 8vo, i8i. 
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STAFFER, /%z«/.~ Shakespeare and Classical Antiquity: 
Greek and Latin Antiquity as presented in Shakespeare's Plays. 
Translated by Emily J. Carey. Large post 8vo, I2J. 

STATHAMy F, Reginald.— Ttqq Thought and Truth Thought. 
A Contribution to an Existing Argument. Crown 8vo, 6j. 

STEVENSON, Rev, W, F.—I^y^t^s for the Church and Home. 
Selected and Edited by the Rev. W. Fleming Stevenson. 

The Hymn Book consists of Three Parts : — I. For Public 
Worship. — II. For Family and Private Worship. — III. 
For Children. Small Edition. Cloth limp, lod, ; 
cloth boards, is. Large Type Edition. Cloth h'mp, 
is. 3^. ; cloi boards, is. 6d. 

Stray Papers on Kducation, and Scenes from School Life. By B. H. 
Second Edition. Small crown 8vo, 3^. 6d, 

STREATFEILD, Rev. G. 3"., il/;^.— Lincolnshire and the Danes. 
Large crown Svo, 7j. 6d, 

STRECKER- WISLICENUS.-^OvQSinic Chemistry. Translated and 
Edited, with Extensive Additions, by W. R. Hodgkinson, 
Ph.D., and A. J. Greenaway, F.I.C. Demy Svo, 21s. 

Study of the Prologue and Epilogue in English Literature. 
From Shakespeare to Dryden. By G. S. B, Crown Svo, $s, 

SULLY, James, ^-^.— Pessimism : a History and a Criticism. 
Second Edition. Demy Svo, 14J, 

SUTHERST, 7%^£w.— Death and Disease Behind the Counter. 
Crown Svo, is, 6d. ; sewed, u. 

SWEDENBORG, Eman.-^'DQ Cultu et Amore Dei ubi Agitur 
de Telluris ortu, Paradiso et Vivario, turn de Pri- 
mogeniti Seu Adaml Nativitate Infantia, et Anaore. 
Crown Svo, 6s, 

SYME, Z>awV/.— Representative Government in England. Its . 
Faults and Failures. Second Edition. Large crown Svo, 6j. 

Tacitus's Agricola. A Translation. Small crown Svo, 2j. (>d. 

TA YLOR, Rev. /saac—The Alphabet. An Account of the Origin 
and Development of Letters. With numerous Tables and 
Facsimiles. 2 vols. Demy Svo, 36J. 

TAYLOR, yieremy.—The Marriage Ring. With Preface, Notes, 
and Appendices. Edited by Francis Burdett Money Coutts. 
Small crown Svo, 2s, 6d, 

TAYLOR, Sedley.-- 'Pront Sharing between Capital and 
Labour. To which is added a Memorandum on the Industrial 
Partnership at the Whitwood Collieries, by Archibald and 
Henry Briggs, with remarks by Sedley Taylor. Crown Svo, 
2s, 6d, 
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Thirty Thousand Thoughts. Edited by the Rev. Canon Spence, 
Rev. J. r ~ . -. ^ -^ , . ^ 

royal 8vo. 



Rev. J. S. EXELL, and Rev. Charles Neil. 6 vols. Super 
■8v< 



[Vols. I., II., and III. now ready, i6j. each. 

THOM^ J, ffamilion.—^J^B.'Vjrs of Life after the Mind of Christ. 
Second Edition. Crown 8vo, 7j. 6d. 

THOMSON^ J, Turn5ulL—Social Problems ; or, An Inquiry into 
the LiSLWS of Influence. With Diagrams. Demy 8vo, loj. 6d. 

TIDMAN, Paul /^.—Gold and Silver Money. Part I.-— A Plain 
Statement. Part II.— Objections Answered. Third Edition. 
Crown 8vo, u. 

TIPPLE, Rev, S, ^.—Sunday Mornings at Norwood. Prayers 
and Sermons. Crown 8vo, 6j. 

TODHUNTER, Dr, J.—A Study of Shelley. Crown 8vo, 7j. 

TRANTy William.— Hvei^e Unions ; Their Origin, Objects, and 
Kfiicacy. Small crown 8vo, ix. 6d, ; paper covers, is, 

TREMENHEERE, Hugh Seymour, C.B,— K Manual of the 
Principles of Government, as set forth by the Authorities 
of Ancient and Modem Times. New and Enlarged Edition. 
Crown 8vo, 3J. 6d, 

TUKE, Daniel Hack, M.D., i^^.a/'.— Chapters in the History 
of the Insane in the British Isles. With Four Illustra- 
tions. Large crown 8vo, 12^. 

TWINING, Z^wfl.— "Workhouse Visiting and Management 
during Tvsrenty-Five Years. Small crown 8vo, 2j. 

TYLER, 7.— The Mystery of Being: or, "What Do "WTe 
Know ? Small crown 8vo, 3^. dd,- 

UPTON, Major R, Z>.— Gleanings from the Desert of Arabia. 
Large post 8vo, ioj. 6d, 

VACUUS VIATOR,— Flying South. Recollections of France and 
its Littoral. Small crown 8vo, 3J. 6d, 

VAUGHAN, H, Halford,—'Nevi Readings and Renderings of 
Shakesi)eare's Tragedies. 2 vols. Demy 8vo, 25J. 

VILLARI, Professor,— J^iccolh Machiavelli and his Times. 
Translated by Linda Villari, 4 vols. Large post 8vo, 481. 

VILLIERS, The Right Hon, C, /'.—Free Trade Speeches of. 
With Political Memoir. Edited by a Member of the Cobden 
Club. 2 vols. With Portrait. Demy 8vo, 2$s, 
♦«* People's Edition, i vol. Crown 8vo, limp cloth, 2s, 6d, 

VOGT, Lieut,-Coh Hermann,— TYl^ Egyptian War of 1882. 
A translation. With Map and Plans. Large crown 8vo, dr. 

VOLCKXSOM, E, W, z/.— Catechism of Elementary Modern 
Chemistry. Small crown Svo, 3^. 
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VYNER^ Lady Mary.—'Kwer^ Day a Portion. Adapted from the 
Bible and the Prayer Book, for the Private Devotion of those 
living in Widowhood. Collected and Edited by Lady Mary 
Vyner, Square crown 8vo, 5^. 

WALDSTEINy Charlesy PA,D,—The Balance of Emotion and 
Intellect ; an Introductory Essay to the Study of Philosophy. 
Crown 8vo, 6j. 

WALLER^ Rev. C, B.—tYie Apocalypse, reviewed under the Light 
of the Doctrine of the Unfolding Ages, and the Restitution of All 
Things. Demy 8vo, 12s. 

IVALPOLEj Chas, George,-^K Short History of Ireland from the 
Earliest Times to the Union with Great Britain. 

With 5 Maps and Appendices. Second Edition. Crown 8vo, dr. 

WALSHE, Walter Hayle, ilf./?.— Dramatic Singing Physiolo- 
gically Estimated. Crown 8vo, y, td, 

WARD, William George, i%.Z>.— Essays on the Philosophy of 
Theism. Edited, with an Introduction, by Wilfrid Ward. 
2 vols. Demy 8vo, 21 s, 

WARD, Wilfrid, — The Wish to Believe, A Discussion Concern- 
ing the Temper of Mind in which a reasonable Man should 
undertake Religious Inquiry. Small crown 8vo, $s. 

WEDDERBURNlSir David, Bart,, M.P.'—Juife of. Compiled from his 
Journals and Writings by his sister, Mrs. E. H. Percival. With 
etched Portrait, and facsimiles of Pencil Sketches. Demy 8vo, 14s, 

WEDMORE, Frederick,— ^YkQ Masters of Genre Painting. With 
Sixteen Illustrations. Post 8vo, 7j. 6d, 

"What to Do and How to Do It. A Manual of the Law aflfecting 
the Housing and Sanitary Condition of Londoners, with special 
Reference to the Dwellings of the Poor. Issued by the Sanitary 
Laws Enforcement Society. Demy 8vo, is. 

WHEWELL, William, /?.Z>.— His Life and Selections from his 
Correspondence. By Mrs. Stair Douglas. With a Portrait 
from a Painting by Samuel Laurence. Demy 8vo, 2\s, 

WHITNEY, Prof, William Z>a/^i/. — Essentials of English 
Grammar, for the Use of Schools. Second Edition. Crown 
8vo, 3J. (yd, 

WILLIAMS, Rowland, /?.Z>.— Psalms, Utanies, Counsels, and 
Collects for Devout Persons. Edited by his Widow. New 
and Popular Edition. Crovra 8vo, 31. (id. 

Stray Thoughts Collected from the Writings of the 
late Rowland 'Williams, D.D. Edited by his Widow. 
Crown 8vo, 3J. 6^. 

WILSON, Lieut.-Col, C. r. — The Duke of Berwick, Marshal 
of France, 1702-1734. Demy 8vo, 15J, 
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WILSON, Mrs, R. /^.— The Christian Brothers. Their Origin and 
Work. With a Sketch of the Life of their Founder, the Ven. 
Jean Baptistk, de la Salle. Crown 8vo, 6j. 

WOLTMANN, Dr. Alfred, and WOERMANN, Dr. KarU—'HSaXoTY 
of Painting. Edited by Sidney Colvin. Vol. I. Painting 
in Antiquity and the Middle Ages. With numerous Illustrations. 
Medium 8vo, 28j. ; bevelled boards, gilt leaves, 30J. 

Word was Made Flesh. Short Family Readings on the Epistles for 
each Sunday of the Christian Year. Demy 8vo, lOr. dd, 

WREN, Sir Christopher.— '^\s Family and His Times. With 
Original Letters, and a Discourse on Architecture hitherto un- 
published. By Lucy Phillimore. Demy 8vo, lOf. 6^. 

YOUMANS, Eliza ^.— First Book of Botany. Designed to 
Cultivate the Observing Powers of Children. With 300 
Engravings. New and Cheaper Edition, Crown 8vo, 2j. (id, 

YOUMANSy Edward Z., M.D.—A Glass Book of Chemistry, on 
the Basis of the New System. With 200 Illustrations. Crown 
8vo, Ss, 



THE INTERNATIONAL SOIENTIFIO SERIES. 

L Forms of Water: a Familiar Exposition of the Origin and 
Phenomena of Glaciers. By J. Tyndall, LL.D., F.R.S. With 
25 Illustrations. Eighth Edition. Crown 8vo, 5^. 

II. Physics and Politics ; or, Thoughts on the Application of the 

Principles of ** Natural Selection ** and ** Inheritance " to Political 
Society, By Walter Bagehot. Sixth Edition. Crown 8vo, 4J. 

III. Foods. By Edward Smith, M.D., LL.B., F.R.S. With numerous 

Illustrations. Eighth Edition. Crown 8vo, 5;. 

IV. Mind and Body : the Theories of their Relation. By Alexander 

Bain, LL.D. With Four Illustrations. Seventh Edition. Crown 
8vo, 4J. / 

V. The Study of Sociology. By Herbert Spencer. Eleventh 

Edition. Crown Svo, 5^. 

VI. On the Conservation of Energy. By Balfour Stewart, M.A., 

LL.D., F.R.S. With 14 Illustrations. Sixth Edition. Crown 
Svo, 5j. 

VII. Animal Locomotion ; or Walking, Swimming, and Flying. By 

J. B. Pettigrew, M.D., F.R.S., etc. With 130 Illustrations. 
Third Edition. Crown Svo, 5J. 

VIII. Responsibility in Mental Disease. By Henry Maudsley, 

M.D. Fourth Edition. Crown Svo, Sj. 
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IX. The Ne\sr Chemistry. By Professor J. P. Cooke. With 31 

Illustrations. Eighth Edition, remodelled and enlarged. Crown 
8vo, 5^. 

X. The Science of Lavr. By Professor Sheldon Amos. Fifth Edition. 

Crown 8vo, 5^. 

XI. Animal Mechanism : a Treatise on Terrestrial and Aerial Loco- 

motion. By Professor E. J. Marey. With 117 Illustrations. 
Third Edition. Crown 8vo, $s, 

XIL The Doctrine of Descent and Darwinism. By Professor 
Oscar Schmidt, With 26 Illustrations. Sixth Edition. Crown 
Svo, $s, 

XIII. The History of the Conflict between Religion and 

Science. By J. W. Draper, M. D. , LL. D. Eighteenth Edition, 
Crown Svo, ^s. 

XIV. Fungi : their Nature, Influences, Uses, etc. By M. C. Cooke, 

M.D., LL.D. Edited by the Rev. M. J. Berkeley, M.A., F.L.S. 
With numerous Illustrations. Third Edition, Crown Svo, 55, 

XV. The Chemical Effects of Light and Photography. By 

Dr. Hermann Vogel. Translation thoroughly Revised. With 
100 Illustrations. Fourth Edition. Crown Svo, 5J. 

XVI. The Life and Growth of Language. By Professor William 

Dwight Whitney. Fourth Edition. Crown Svo, 5^. 

XVII. Money and the Mechanism of Exchange. By W. 

Stanley Jevons, M.A., F.R.S. Sixth Edition. Crown Svo, 5J. 

XVIII. The Nature of Light. With a General Account of Physical 
Optics. By Dr. Eugene Lommel. With 18S Illustrations and a 
Table of Spectra in Chromo-lithography. Third Edition. Crown 
Svo, 5^. 

XIX. Animal Parasites and Messmates. By P. J. Van Beneden. 

With S3 Illustrations. Third Edition. Crown Svo, $s, 

XX. Fermentation. By Professor Schiitzenberger. With 28 Illus- 

trations. Fourth Edition. Crown Svo, 5^. 

XXI. The Five Senses of Man. By Professor Bernstein. With 

91 Illustrations. Fourth Edition. Crown Svo, $s, 

XXII. The Theory of Sound in its Relation to Music. By Pro- 

fessor Pietro Blasema. With numerous Illustrations. Third 
Edition. Crown Svo, $s, 

XXIII. Studies in Spectrum Analysis. By J. Norman Lockyer, 
F.R.S. With six photographic Illustrations of Spectra, and 
numerous engravings on Wood. Third Edition. Crown Svo, 

XXIV. A History of the Growth of the Steam Engine. By 

Professor R. H. Thurston. With numerous Illustrations. Third 
Edition. Crown Svo, 6s, 6<i, 



Digitized by 



Google 



32 A List of 

XXV. Education as a Science. ByAlexanderBain, LL.D. Fourth 

Edition. Crown 8vo,*5j. 

XXVI. The Human Species. By Professor A. de Quatrefages. Third 

Edition. Crown 8vo, 5^. 

XXVII. Modem Chromatics. With Applications to Art and In- 
dustry. By Ogden N. Rood. With 130 original Illustrations. 
Second Edition. Crown 8vo, $s, 

XXVIII. The Crayfish : an Introduction to the Study of Zoology. By 
Professor T. H. Huxley. With 82 Illustrations. Fourth Edition. 
Crown 8vo, 5J. 

XXIX. The Brain as an Organ of Mind. By H. Charlton Bastian, 
M.D. With numerous Illustrations. Third Edition. Crown 
8vo, 5J. 

XXX. The Atomic Theory. By Prof. Wurtz. Translated by G. 

Cleminshaw, F.C.S. Third Edition. Crown 8vo, 5^. 

XXXI. The Natural Conditions of Existence as they afTect 
Animal Life. By Karl Semper. With 2 Maps and 106 
Woodcuts. Third Edition. Crown 8vo, 51. 

XXXII. General Physiology of Muscles and Nerves. By Prof. 
J. Rosenthal. Third Edition. With Illustrations. Crown 8vo, 

XXXIII. Sight ; an Exposition of the Principles of Monocular and 
Binocular Vision. By Joseph le Conte, LL.D. Second Edition. 
With 132 Illustrations. Crown 8vo, $s, 

XXXIV. IllTisions : a Psychological Study. By James Sully. Second 
Edition. Cro^Ti 8vo, $s, 

XXXV. Volcanoes: what they are and w^hat they teach. 
By Professor J. W. Judd, F.R.S. With 92 Illustrations on 
Wood. Third Edition. Crown 8vo, 51. 

XXXVI. Suicide : an Essay on Comparative Moral Statistics. By Prof. 
H. Morselli. Second Edition. With Diagrams. Crown 8vo, 5J. 

XXXVII. The Brain and its Functions. By J. Luys. With 
Illustrations. Second Edition. Crown 8vo, $s, 

XXXVIII. Myth and Science : an Essay. By Tito Vignoli. Second 
Edition. Crown 8vo, $s, 

XXXIX. The Sun. By Professor Young. With Illustrations. Second 
Edition. Crown 8vo, $s, 

XL. Ants, Bees, and Wasps: a Record of Observations on the 
Habits of the Social Hymenoptera. By Sir John Lubbock, Bart., 
M. P« With 5 Chromo-lithographic Illustrations. Seventh Edition. 
Crown 8vo, 5J. 
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XLI. Animal Intelligence. By G. J. Romanes, LL.D., F.R.S. 

Third Edition. Crown 8vo, 5j. 

XLII. The Concepts and Theories of Modem Physics. By 
J. B. Stallo. Third Edition. Crown 8vo, ^s. 

XLIII. Diseases of the Memory ; An Essay in the Positive Psycho- 
logy. By Prof. Th. Ribot. Second Edition. Crown 8vo, 5j. 

XLIV. Man before Metals. By N. Joly, with 148 Illustrations. 
Third Edition. Crown 8vo, 5j. 

XLV. The Science of Politics. By Prof. Sheldon Amos. Third 
Edition. Crown 8vo, Sj. 

XLVI. Elementary Meteorology. By Robert H. Scott. Third 
Edition* With Numerous Illustrations. Crown 8vo, 51. 

XLVII. The Organs of Speech and their Application in the 
Formation of Articulate Sounds. By Georg Hermann 
Von Meyer. With 47 Woodcuts. Crown 8vo, 5j. 

XLVIII. Fallacies. A View of Logic from the Practical Side. By 
Alfred Sidgwick. Crown 8vo, 5j. 

XLIX. Origin of Cultivated Plants. By Alphonse de Candolle. 
Crown 8vo, 5^. 

L. Jelly-Fish, Star-Fish, and Sea-XJrchlns. Bemg a Research 
on Primitive Nervous Systems. By G. J. Romanes. Crown 
8vo, 5r. 



MILITARY WORKS. 

BARRINGTON, Capt, y. 7.— England on the Defensive ", or, the 
Problem of Invasion Critically Examined. Large crown 8vo, 
with Map, 7x. 6^. 

BRACKENBURY, Col C. B,, ^.^. — MUitary Handbooks for 
Regimental Officers- 

I, Military Sketching and Reconnaissance. By Col. 
^ F. J. Hutchison, and Major H. G. MacGregor. Fourth 

Edition. With 15 Plates. Small crown 8vo, 4r. 

11. The Elements of Modern Tactics Practically 
applied to English Formations. By Lieut. -Col. 
Wilkinson Shaw. Fifth Edition. With 25 Plates and 
Maps. Small crown 8vo, 9^. 

III. Field Artillery. Its Equipment, Organization and Tactics. 
By Major Sisson C. Pratt, R.A. With 12 Plates. Second 
Edition. Small crown 8vOj 6s, 
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Military Handbooks— <<w/fiif<«/. 

IV. The Elements of Military Administration. First 
Part I Pcmuuient System of Administration. By M«jor 
J. W. BnxtOQ. Small crown 8vOb 7s, 6d, 

Y* Military La^wi Its Procedure and Practice. By Major 
Siaon C Piatt, R,A« Second Edition. Small crown Svo, 

VI. Cavalry in Modem War. By CoL F. Chenevix TrendL 
Small crown 8vo, 6r. 

VII. Field "Works. Their Technical Constmction and Tactical 
Application. By^the Editor, C<^. C. B. Bradcenbury, R.A. 
Small crown Svo. 

BROOKE^ Major^ €. K.-^K System of Field Training. Small 
crown 8vo, cloth limp, 2s. 

CLERY. C, Zi^ff/.-C^/.— Minor Tactics. With 26 Maps and Plans. 
Sixth and Cheaper Edition, Revised. Crown %\o^ 9^. 

COLVILE, Ueut.'Col. C. /I— MUitary Tribunals. Sewed, 2s. ed, 

CRAUFURD, Capt. H. 7.— Suggestions for the MiUtary Train- 
ing of a Company of Infantry. Crown Svo, u. 6^. 

HARRISON^ Lieut.'Col, -ff.— The Officer's Memorandum Book 
for Peace and IVar. Third Edition. Oblong 32mo, roan, 
with pencil, 31. td. 

Notes on Cavalry Tactics, Organisation, etc. By a Cavahy 
Officer. With L{^agrams. Demy 8to, 12s. 

PARR, Capt, H. Hallam, C.M,G.—Tlie Dress, Horses, and 
Equipment of Infantry and Staff Officers. Crown 
Svo, ij. 

SCHAW, Col. ^.— The 3t>efence and Attack of Positions and 
J-iOcalities. Third Edition, Revised and Corrected. Crown 
Svo, 3J. f>d, 

WILKINSON, H. Spenser, Capt. 20/A Lancashire ^.K — Citizen 
Soldiers. Essays towards the Improvement of the Volunteer 
Force. Crown gvo, 2j. 6^ 



POETRY. 

ADAM OF ST. VICIVR.— The Liturgical Poetry of Adam of 
St. Victor. From the text of Gautieh. With Translations into 
Endlsh in the Original Metres, and Short Explanatory Notes, 
by DiGBY S. WkANGHAM, M.A. 3 vols. Crown Svo, printed 
on hand-made paper, boards, 21s, 

AVCffMtTTY, A, C— Poems of Knglish Heroism ! From Brunan* 
both to Lncknow j from Atixelstsn to Albert* Small crown Svo, 
is.(>d. 
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AVIA,^TYk% Odyssey of Homer. Doae into English Verse bf. 
Fcap. 4to, 1 5 J. 

BARING^ T. C, JI/./\--The Scheme of Epicurus- A Render- 
ing into English Verse of the Unfinished Poem of Lucretius, 
entitled " De Renun Naturl" Fcap. 4to, 7a 

BARNES, WiUiam,^Vo^To& of Rural Wfe, in the I>or8et 
Dialect. New Edition, complete in one vol. Crown 8yo. 

BAYNES^ Rev. Cancn H, R.—Home Songs for Quiet Hours. 

Fourth and Cheaper Edition. Fcap. 8vo, cloth, 2j. 6d, 

BENDALI^ CVwr^.— Musa Silvestrls. i6mo, u. 6</. 
BEVINGTON^ Z. 6*.— Key Notes. Small crown 8vo, 5J. 

BILLSONj C. 7.— The Acharnians of Aristophanes. Crown 
8vo, 3J. 6</. 

BLUNT, Wilfrid Scawen.-^Tln^ Wind and the Whirlwind. 
Demy 8vo, u. dd. 

BOWEN, ff. C, ^.^.— Simple Kngllsh Poems. English Literature 
for Junior Classes. In Four Parts. Farts L, XL, and III., 6d, 
each, and Part IV., is. Complete, 3^. 

BRASHER J A^ed—SophiSL ; or, the Viceroy of Valencia. A Comedy 
in Five Acts, founded on a Story in Scarron. Small crown 8vo, 
2J. (>d, 

BRYANT, W, C— Poems. Cheap Edition, with Frontispiece. Small 
crown 8vo, 3^. 6d, 

BYRNNE, E. /J«>/ar.— Milicent : a Poem. Small crown 8vo, 6s. 

CAILLARD, Emma ^or^.—Charlotte Corday, and other Poems. 
Small crown 8vo, 3^. (>d. 

Calderon's Bramas : the Wonder- Working Magician — life is % 
Dream— the Purgatory of St. Patrick. Translated by Denis 
Florence MacCarthy. Post 8vo, lor. 

Camoens Lusiads. — Portuguese Text, with Translation by J. J. 
AUBERTIN. Second Edition. 2 vols. Crown 8vo, I2j. 

CAMPBELL, Lewis. — Sophocles. The Seven Plays in English Verse. 
Crown 8vo, *]s. 6d, 

Castilian Brothers (The), Chateauhrlant, "Waldemar : Three 
Tragedies ; and The Rose of Sicily : a Drama. By the 
Author of " Ginevra,** etc. Crown 8vo, dr. 

Christian (O^Biren) Poems. Small crown 8vo, 2s. 6d. 

Chronicles of Christopher Columbus. A Poem in 12 Cantos. 
By M. D, C. Crown 8vo, tt, 6*#. 
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CLARICE^ Mary CewdeH,*-y^oney from the Weed. Verses. 
Crown 8vo, 7j. 

Cosmo de Medici ; The False One ; Agramont and Beau- 
mont : Three Tragedies 5 and The Deformed : a Dramatic 
Sketch. By the Author of " Ginevra,** etc., etc. Crown 8vo, 5j. 

COXHEAD, -ffM^/.—Birds and Babies. Imp. i6mo. With 33 
Illttstrations, Gilt, zs, 6d, 

David Rlzzio, Bothwell, and the "Witch Lady: Three 
Tragedies. By the author of " Ginevra,** etc. Crown 8vo, 6/. 

DAV/E, G.S,, ^.Z>.— The Garden of Fragrance. Being a com- 
plete translation of the Bostdn of Sidi from the origimu Persian 
mto English Verse. Crown 8vo, p, 6d, 

DAVIESt T, ffart.-^dLlViMxiS, Translated into English Verse. Crown 
8yo, 6j. 

DENNIS, 7.— Knglish Sonnets. Collected and Arranged by. Small 
crown 8vo, 2s, 6(L 

DE VERE, -r^w^fifj'.— Poetical "Works. 

I. The Search after Proserpine, etc. 6f. 
II. The Legends of St. Patrick, etc. 6r. 
III. Alexander the Great, etc. 6j. 

The Foray of Queen Meave, and other Legends of Ireland's 
Heroic ^e. Small crown 8vo, 5^. 

legends of the Saxon Saints. Small crown 8vo, dr. 

DILLON, Arthur,^RiveT Songs and other Poems. With 13 
autotype Illustrations from designs by Margery May. Fcap. 4to, 
cloth extra, gilt leaves, lOr. 6d, 

DOBELLy Mrs, Horace.-^'Kihelatonei Eveline, and other Poems. 
Crown 8vo, 6s. 

DOBSON, Ausftn,--Old World Idylls and other Verses. Fourth 
Edition. i8mo, cloth extra, gilt tops, 6s. 

DOMET, AlJred.^Iianolt and Amohia. A Dream of Two Lives. 
New Edition, Revised. 2 vols. Crown 8vo, 12s, 

Dorothy : a Country Story in Elegiac Verse. With Preface. Demy 
8vo, 5^. 

DOWDEN, Edward, ZX.Z>.— Shakspere's Sonnets. With Intro- 
duction and Notes. Large post 8vo, *js. 6d. 

DUTT, T<fru.—K Sheaf Gleaned in French Fields. New Edition. 
Demy 8vo, los. 6d, 

EDMONDS, E. M.—Heajj^eras. Rhythm and Rhyme. Crown 8vo,4f, 
EDWARDS, Miss -^rf^/w.— Poems. Small crown 8vo, jx. ^. 
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ELDRYTHy Maud,^'MiSLTgSLret, and other Poems. Small crown 8vo, 
3s. 6d, 

All Soul's Ey6, "No God," and other Poems. Fcap. 8vo, 

ELLIOTT, Ebenezery T7ie Corn Law Rhymer,— Vo&ms. Edited by his 
son, the Rev. Edwin Elliott, of St. John's, Antigua. 2 vols. 
Crown 8vo, iSj. 

English Verse. Edited by W. J. Linton and R. H. Stoddard. 
5 vols. Crown Svo, cloth, 5^. each. 
I. Chaucer to Burns. 
II. Translations. 

III. Lyrics of the Nineteenth Century. 

IV. Dramatic Scenes and Characters. 
V. Ballads and Romances. 

ENIS, — Gathered Leaves. Small crown Svo. 

EVANSy Anne.— Voems and Music. With Memorial Preface by 
Ann Thackeray Ritchie. Large crown Svo, ys, 

FORSTER, the late IVi/h'am.— "Midas. Crown Svo, Sj. 

GINNER, Isaac i9.— The Death of Otho, and other Poems. Small 
crown Svo, 5j. 

GOODCHILD, John -4.— Somnla Medici. Small crown Svo, 5j. 

GOSSEt Edmund ^.— New Poems. Crown Svo, 7j. 6d. 

GRAHAM, William, Two Fancies, and other Poems. Crown Svo, 5^. 

GRINDROD, Charles, Plays jfrom English History. Crown 
Svo, 7J. 6d, 

The Stranger's Story, and his Poem, The Lament of Love : An 
Episode of the Malvern Hills. Small crown Svo, 2s, dd, 

GURNEYy Rev. Alfred,— Tlie Vision of the Eucharist, and other 
Poems. Crown Svo, 5^. 

A Christmas Faggot. Small crown Svo, 5^. 

HELLONy H. t7.— Daphnis : a Pastoral Poem. Small crown Svo, 
3J. dd. 

HENRY, Daniel, yunr,— Under a Fool's Cap. Songs. Crown Svo, 
cloth, bevelled boards, $s, 

Herman Waldgrave : a Life's Drama. By the Author of " Ginevra," 
etc. Crown Svo, 6s. 

HEYWOOD, y. C— Herodias, a Dramatic Poem. New Edition, 
Revised. Small crown Svo, 5^. 

HICKEY, E. -^,— A Sculptor, and other Poems. Small crown 
Svo, 5J, 
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Digitized by 



Google 



38 A List of 

HONEYWOOD, /W(y.— Poems. Dedicated (by pennission) to Lord 
Wolseley, G.C.B., etc. Small crown 8vo, zs, td, 

yBNJCINSy Rev. Camm.—Alfonao Petruccl, Cardinal and Con- 
spirator; an Historical Tragedy in Five Acts, Small crown 8vo, 
3J. 6d. 

JOHNSON, Ernie S. fT.^Ilaria, and other Poems. Small crown 8vo, 
ST. 6d. 

KEA TS^ >^#i.— Poetical Works. Edited by W. T. Arnold. Large 
crown Svoy choicely printed on hand-made paper^ with Portrait 
in eau-forte. Parchment or cloth, 12s, i vellmn, 15^. 

KENNEDY, Captain A. W. M. C/ar/J.— Robert the Bruce. A 
Poem : Historical and Romantic. With Three Illustrations by 
James Faed, Jun. Printed on hand-made paper, parchment, 
bevelled boards, crown Svo, lOf. 6d, 

KING, Edward— Kchoes from the Orient. With Miscellaneous 
Poems. Small crown Svo, 31. 6d, 

KING, Mrs, Hamilton,— Tti^ Disciples. Sixth Edition, with Portrait 
and Notes. Crown Svo, 5^. 

A Book of Dreams. Crown %\o, y, 6d, 

KNOX, The Hon, Mrs, O, iV.— Four Pictures from a Life, and 
other Poems. Small crown Svo, 3^. dd, 

LANG, y^.— XXXH Ballades in Blue China. Elzevir Svo, 
parchment, 5j. 

Rhymes a la Mode. With Frontispiece by £. A* Abbey. iSmo, 
gilt tops, 5J. 

LAWSON, Right Hon, Mr, fusttce, —Jiymnl Usitati Latine 
Redditi : with other Verses. Small Svo, parchment, 5/. 

Lessing's Nathan the 'Wise. Translated by Eustace K. Corbett. 
Crown Svo, 6s, 

Life Thoughts. Small crown Svo, 2s, 6d, 

Living English Poets MDCCCLXXXII. With Frontispiece by 
Walter Crane. Second Edition. Large crown Svo, Printed on 
hand-made paper. Parchment or cloth, 125". ; vellum, iSx. 

LOOKER, i^— London Lyrics. New Edition. With Portrait, 
iSmo. Cloth extra, gilt tops, $s. 

Love in Idleness. A Volume of Poems. With an Etching by W. B. 
Scott. Small crown Svo, 5^. 

Love Sonnets of Proteus. With Frontispiece by the Author. Elzevir 
Svo, $s, 

LUMSDEN, Lieut,-Col H, ^—Beowulf: an Old English Poem. 
Translated into Modem Rhymes. Second and Revised Edition. 
Small crown Svo, $s. 
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Lyre and Star. Poems by the Author of ** Gincvra," etc. Crown 
8vo, Sx. 

MACGREGOR, Dufuan.—Clovids and Sunlight- Poems. Small 
crown 8vo, 5^, 

MAGNUSSON, Eirikr, MA., and PALMER, S. If., ifeT.^.— Johan 
X4udvlg Runeberg's Lyrical Songs^ Idylls, and £pi- 
grams. Fcap, 8vo, 5J. 

M,D.C. — Chronicles of Christopher Columbus. A Poem in 
Twelve Cantos. Crown 8vo, 7j, 6d. 

MEREDITH, Owen \The Earl fif Zyllonl—LMCile, New Edition. 
With 32 Illustrations, l6mo, 3^. id. Cloth extra, gilt edges, 
4J. 6d. 

MORRIS, Z«f;w.— Poetical Works of. New and Cheaper Editions, 
with Portrait. Complete in 3 vols., 5^. each. 
Vol. I. contains ** Songs of Two Worlds." Eleventh Edition, 
Vol. II. contains " The Epic of Hades." Eighteenth Edition. 
Vol. III. contains " Gwen " and "The Ode of Life.*' Sixth Edition. 

The Epic of Hades. With 16 Autotype Illustrations, after the 
Drawings of the late George R. Chapman. 4to, cloth extra, gilt 
leaves, 21s, 

The Epic of Hades. Presentation Edition. 4*0, cloth extra, 
gilt leaves, lor. 6d. 

Songs Unsung. Fourth Edition. Fcap. 8vo, 6s, 

The Lewis Morris Birthday Book. Edited by S. S. Cope- 
man, with Frontispiece after a Design by the late George R. 
Chapman. 32mo, cloth extra, gilt edges, zs. ; cloth limp, is, 6d. 

MORSHEAD, E, D, ^. — The House of Atreus. Being the 
Agamemnon, Libation- Bearers, and Furies of i^schylus. Trans- 
lated into English Verse. Crown 8vo, 7^. 

The Suppliant Maidens of ^tEschylus. Crown 8vo, 3^. dd. 

NADEN, Constance ^.— Songs and Sonnets of Spring Time. 
Small crown 8vo, 5^. 

NEWELL, E. 7".— The Sorrows of Simona and Lyrical 
Verses. Small crown 8vo, 31. 6^. 

NOEL, The Hon. Roden.-^K Little Child's Monument. Third 
Edition. Small crown 8vo, 3^. 6d. 

The Red Flagi and other Poems. New Edition. Small crown 
8vo, 6j. 

(y HAG AN, 7^/*;/.— The Song of Roland. Translated into English 
Verse. New and Cheaper Edition. Crown 8vo, 5^. 

FFEIFPER, Efm'fy.^The Rhyme of the Lady of th© Rock) 
and How it Grew. Small crown 8vo, 3J. 6<f, 
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PFEIFFER^ Emily— continued. 

Gerard's Monument, and other Poems. Second Edition. 
Crown 8vo, 6j. 

Under the Aspens: Lyrical and Dramatic With Portrait. 
Crown 8vo, dr. 

PIATT^ J. 7.— Idyls and Lyrics of the Ohio Valley, Crown 
8vo, 5J. 

RAFFALOVICH, Mark Andrl — Cyril and Lionel, and other 
Poems. A volume of Sentimental Studies. Small crown 8vo, 
3s,6d. 

Rare Poems of the 16th and 17th Centuries. Edited W. J. 
Linton. Crown 8vo, 55. 

RHOADES, ^;/ftfj.— The Georgics of Virgil. Translated into 
English Verse. Small crown 8vo, 5J. 

ROBINSON, A, Mary F,—A Handful of Honeysuckle. Fcap. 
8vo, y. 6d. 

• The Crowned Hippolytus. Translated from Euripides. With 
New Poems. Small crown 8vo, $s, 

ROUS, Lieta,' Co/.— ConrSLdin, Small crown 8vo, 2j. 

Schiller's Mary Stuart. German Text, with English Translation on 
opposite page by Leedham White. Crown 8vo, 6s. 

SCOTT, E.f, X.— The Eclogues of Virgil.— Translated into English 
Verse. Small crown 8vo, 3^. 6d. 

SCOTT, George F, -ff.— Theodora and other Poems. SmalJ 
crown 8vo, 3J. 6d, 

SEAL, W. If,— 'lone, and other Poems. Second and Cheaper Edition, 
revised, crown 8vo, 3J. 6d, 

SELKIRK, J, ^.— Poems. Crown 8vo, *js, 6d, 

SHARP, William. — Euphrenia: or, The Test of Love. A Poem 
Crown 8vo, $5. 

SKINNER, II y.—The Lily of the Lyn, and other Poems. SmaU 
crown 8vo, 3^. 6d, 

SLADEN, Douglas ^.— Frithjof and Ingebjor^, and other 
Poems. Small crown 8vo, 5j. 

SMITH, % W. GUbart.—The Loves of Vandyck. A Tale of Genoa. 
Small crown 8vo, 2j. 6d, 

The Log o' the " Norseman." Small crown 8vo, 5*. 

Sophocles : The Seven Plays in English Verse. Translated by L^wis 
Campbell, Crown 8vo, 7^, 6</. 
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SPICER^ H'gnry.'^Jlaais.a : a Drama in Three Acts (as represented 
at the Theatre Royal, Drury Lane, March loth, 1877). Third 
Edition, Crown 8vo, ^ dd. 

SYMONDSy John -<^</</w^<?».— YagabunduH Libellus. Crown 

Tares. Crown 8vo, u. 6df. 

Tasso's Jerusalem Delivered. Translated by Sir John Kingston 
jAMESy Bart. Two Volumes, Printed on hand-made paper, 
parchment, bevelled boards. Large crown 8vo, 21J. 

TAYLOR, Sir /^.— -Works. Complete in Five Volumes. Crown 
8vo, 30J. 

Philip Van Artevelde. Fcap. 8vo, 3^. 6d, 

The Virgin "Widoiy, etc. Fcap. 8yo, 3J. 6</. 

The Statesman. Fcap. 8vo, 3^. 6d, 

TAYLOR y Augustus.-^Voema. Fcap. 8vo, 5j. 

TAYLOR, Margaret iV^/A— "Boys Together," and other Poems. 
Small crown 8vo, 6s. 

THORNTON, Z. i1[/.— The Son of Shelomith. Small crown 8vo, 
Zs.dd, 

TODHUNTER, Dr. 7.— Laurella, and other Poems. Crown 8vo, 

Forest Songs. Small crown 8vo, 3^. 6d, 

The True Tragedy of Rienzi : a Drama. 3/. 6d. 

Alcestis : a Dramatic Poem. Extra fcap. 8vo, 5^. 

TYLER, M, C— Anne Boleyn. A Tragedy in Six Acts. Small 
crown 8vo, 2j. td. 

WALTERS, Sophia Lydia.—A. Dreamer's Sketch Book. With 21 
Illustrations by Percival Skelton, R. P. Leitch, W. H. J. Boot, and 
T. R. Pritchett. Engraved by J. D. Cooper. Fcap. 4to, izs. 6d. 

"Wandering Echoes.— By J. £. D. G. In Four Parts. Small crown 
8vo, 5j. 

fVA TTS, Alaric Alfred and Anna Mary ffowitt-^AuTOta., A Medley 
of Verse. Fcap. 8vo, bevelled boards, 5^. 

JVEBSTER, Augusta,-^ln a Day : a Drama. Small crown 8vo, 2s. 6d. 

Disguises : a Drama. Small crown 8vo, 5^. ; 
^STet Days. By a Farmer, Small crown 8vo, 6x. 

WILLIAMS, y.—A Story of Three Years, and other Poems. Small 
crown 8vo, 3^. 6d, 

WordsiHTorth Birthday Book, The. Edited by Adelaide and 
Violet Wordsworth. 32mo, Ump cloth, is, 6d, ; cloth extra, 2s, 

YOUNGMAN^ Thomas CV^^.— Poems. Small crown Svo, ^. 
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YOUNGS^ EUa SUrfie.'^-lPSijgilkua, and other Poems. Small ciown 8v<x 
y.6d. 

A Heart's Life, Sarpedon, and other Poems, Small crown 
8vo» 3^. 6d. 



^ 



WORKS OF FIOTION IN ONE VOLUME. 

BANKS^ Mrs. G. Z.— €rod^ Providence Hotuie. New Edition. 
Crown 8vo> y, 6d, 

HUNTER^ -ffiry.— -The Grime of Christmas Day. A Tale of the 
Latin Quarter. By the Author of <'My Ducats and my 
Daughter." \s, 

HUNTER, Hay, and WHYTE, Walters—Vis Ducats and My 
Daughter. New and Cheaper Edition. With Frontispiece. 
Crown 8vo, dr. 

INGELOW, yeaus—Oa the Skelligs i a Novel. With Frontispaece. 
Second Edition. Crown 8vo, 6s, 

KIELLAND, Akxander.—GcBmxBJk and AVorse. A Norw^pan 
Novel. Authorized Translation, by W. W. Kettlewell. Crown 
8vo, 6j. 

MACDONALDy a—Donal Grant. A Novel. New and Cheaper 
Edition. With Frontispiece. Crown 8vo, dr. 

Castle "Warlock. ANoveL New and Cheaper Edition. Crown 
8vo, 6j. 

Malcolm. With Portrait of the Author engraved on Steel. Sixth 
Edition. Crown 8vo, dx. 

The Marquis of X<ossie. Fifth Edition. With Frontispiece. 
Crown 8vo, d*. 

St. George and St. Michael. Fourth Edition. With Frontis- 
piece. Crown 8vo, 6s, 

PALGRAVE, W, Giford.—lieTinsLnn Agha; an Eastern Narrative. 
Third Edition. Crown 8vo, dr. 

SHA W, Flora Z. —Castle Blair ; a Story of Youthful Days. New and 
Cheaper Edition. Crown 8vo, 3J. 6d. 

STRETTON, Zr«3«.— Through a Needle's Eye : a Story. New 
and Cheaper Edition, with Frontispiece. Crown 8vo, df. 

TAYLOR, Col. Meadows, C.S.L, MR.I.A.—SeetSLl a Novel. New 
and Cheaper Edition. With Frontispiece. Crown 8vo, 6s, 

Tippoo Sultaun : a Tale of the Mysore War. New Edition, with 
Frontispiece. Crown 8vo, dr. 

\ Ralph Darnell. New and Cheaper Edition. With Frontispiece. 
Crown 8vo, 6j, 
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TAYLOR, CoU Meadows, CSJ., M.R.I.A.-^ontintud. 

A Noble Queen. New and Cheaper Edition. With Frontis- 
piece. Crown 8vo, 6j. 

The Ck>nf esBlons of a Thug. Crown 8vo, 6^. 

Taxa ; a Mahratta Tale. Crown Svo^ 6s, 

Within Sound of the Sea. New and Cheaper Edition, with Frontis- 
pieces Crown 8yo, df. 



BOOKS FOR THE YOUNG, 

Brave Men's Footsteps. A Book of Example and Anecdote for 

. Young People. By the Editor of ** Men who have Risen." With 

4 Illustrations by C. Doyle. Eighth Edition. Crown 8vo, 3J. 6d, 

COXHEAD, Ethel— "^Ji^^ and Babies. Imp. i6mo. With 33 
Illustrations. Cloth gilt, 2J. baT. 

DAVIES, G. Christopher,— 'B.axn'bles and Adventures of our 
School Field Club. With 4 Illustrations. New and Cheaper 
Edition. Crown 8vo, 3J. td, 

EDMONDS, Herbert,— 'WqM Spent Lives : a Series of Modem Bio- 
graphies. New and Cheaper Edition. Crown 8vo, 3J. 6d, 

EVANS, ifcfari^.— -The Story of our Father's Love, told to Children. 
Sixth and Cheaper Edition of Theolc^ for Children. With 4 
Illustrations. Fcap. 8vo, is, 6d, 

yOHNSON, Virginia fT.— The GatskiU Fairies. Illustrated by 
Alfred Fredericks. $s, 

MAC KENNA, S. JC— Plucky FeUows. A Book for Boys. With 
6 Illustrations, Fifth Edition, Crown 8vo, 3J. 6^. 

REANEY, Mrs, G, *$•.— "WTaking and ^WTorking ; or, From Girlhood 
to Womanhood. New and Cheaper Edition, With a Frontis- 
piece, Crown 8vo, 3^. (yd. 

Blessing and Blessed: a Sketch of Girl Life. New and 
Cheaper Edition. Crown 8vo, 3^. 6^. 

Rose Gumey's Discovery. A Book for Girls, Dedicated to 
their Mothers. Crown 8vo, 3J. 6^. 

Knglish Girls : Their Place and Power. With Preface by the 
Rev. R, W. Dale. Fourth Edition. Fcap. 8vo, 2J. 6^. 

Just Anyone, and other Stories, Three Illustrations. Royal 
i6mo, IS, dd. 

Sunbeam "Willie, and other Stories, Three Illustrations. Royal 
i6mo, \s, 6d, 

Sunshine Jenny, and o^er Stories, Three lUu^t^atiima, Royal 
i6mo, IS, 6d^ 
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STOCKTON, Frank ^.— A JoUy FeUowship. With 20 Dlnstra- 
tions. Crown 8vo, 5^. 

STORRj Francis, and TURNER, ^fla^f.— Canterbiixy Chimes; 
or, Chaucer Tales re-told to Children. With 6 Illustrations from 
the EUesmere Manuscript. Third Edition. Fcap. 8vo, 3^. &/. 

STRETTON, ^«^tf.— David Uoyd's Last ^WiU. With 4 lUustra- 
lions. New Edition. Roysd i6mo, 2j. fid. 

Tales from Ariosto Re-told for Children. By a Lady. With 3 
Illustrations. Crown 8vo, \s, 6d, 

WHITAKER, Florence.— Christy's Inheritance. A London Stoiy. 
Illustrated. Royal i6mo, u, 6d, 
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